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Hydraulic Analysis of Proposed Injection Series

Phase 2 Remedial Action at
Puchack Well Field Superfund Site
Pennsauken, New Jersey

December 2020

Well Development

(Yield Test) Flow | Design | no. of | Injection | Required
Injection Rate Flow Rate'|  |NJ Rate | Pump Head® | |NJwell used Selected
Series ID EX Well gpm gpm Wells gpm ft* for Calcs Pump Model Comment
M3 EX-M-103 90 90 3 30 97.9 INJ-M3-133 75S75-12
LA3 & LA8 EX-LA-104 90 90 5 18 123.2 INJ-LA3-133 75S75-12
LA4 EX-LA-102 88 108 4 21.6 228.7 INJ-LA4-141 230S200-5 |Pumping drawdown elevation adjusted to 147.5
based on yield test and design flow rate; 21.6
injection rate based on number of wells
LA6 EX-L-6 67 126 7 18 224.6 RA-LA10-102 230S200-5 |Pumping drawdown elevation adjusted to 91.75
based on yield test and design flow rate.
EAS8 EX-EA-104 90 54 3 18 This is combined with LA3.
LA9 EX-L-8 81 70 5 14 155.6 INJ-L-25 75S75-12
LB1 EX-LB-101 104 120 4 30 285.5 INJ-LB1-112 230S200-5
LB2 EX-LB-101 104 90 3 30 288 INJ-LB2-123 230S200-5
LB4 EX-LB-103 145 30 1 30 168.2 INJ-LB4-141 75S75-12
LB5 EX-L-10 150 150 4 30 275.2 INJ-LB5-152 230S200-5 |Proposed extraction rate does not match sum of

injection rates.

1 Injection series information/data such as proposed extraction, and injection wells and associated flow rates from CDM SOW.

2 Required pump head based on elevations of EX & INJ wells, documented drawdown from yield testing, proposed SOW flow rates and headloss
calculated using The Hazen-Williams equation.

ft = Foot (feet)
gpm = Gallon(s) per minute
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Figure only intended to provide a visual content for the path from extraction well to trailer and injection well.
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CALCULATION WORKSHEET NO. HL#1

CLIENT: USACE JOB NUMBER: 6304306
SUBJECT: Puchack - Headloss Calculations (HL#1 - Equivalent Lengths of fittings)

BY: KT CHECKED BY: DFC DATE:  1/8/2021

These calcs are covered by five worksheets:

HL#1 - This sheet with equivalent lengths of fittings estimated.
HL#2 - From the submersible pump to the treatment trailer
HL#3 - Piping in treatment trailer

HL#4 - From the treatment trailer to the injection well

HL#5 - Summary of losses

Equivalent Lengths - Fittings To Trailer from EX Well

Description Eq Length Qty
per fitting
ft
3" TEE branched 17 1
3" elbow 8.1 2
3" Check Valve (fully open) 20 1

The headloss (HL) calculations break the system down in three sections:
1 - From the submersible pump to the treatment trailer
2 - The treatment trailer, and

3 - From the treatment trailer to the injection well

The injection series for LA3/LA8 was evaluated assuming the extraction rate is 90 gpm at EX-LA-104 and injection rate is 18 gpm at
INJ-LA3-133. Injection well INJ-LA3-133 was examined as worst case scenario because it is located as the farthest from the trailer.

Eqg. Length
ft
17
16
20

Equivalent Lengths - Fittings Within Trailer

Description Eq Length Qty
per fitting
ft
2-inch elbow 5.5 1
3" X 2" Reducer 5 1
3" TEE Straight Thru 5.11 2
3" Ball Valve (1/4 closed) 10 2
3-inch elbow 17 2
3" Check Valve (fully open) 20 1

53 to SHEET HL #2

Eqg. Length
ft

5.5

10.22
20
34
20

Additional Losses Thru Appurtenances (in trailer)

Head Loss
Iltem psi
Bag filter-HL to trigger bag change 2
Flow Meter 1
Mixer 8

95 to SHEET HL #3

Head Loss
ft
4.62
231 (less than 1 psi full range at 20 ft/s)
18.48 (Refer to mixer headloss curve sheet)

25 to SHEET HL #5







EA Engineering, Science,and Technology, Inc., PBC January 2021
CALCULATION WORKSHEET NO. HL#1
CLIENT: USACE JOB NUMBER: 6304306
SUBJECT: Puchack - Headloss Calculations (HL#1 - Equivalent Lengths of fittings)
BY: KT CHECKED BY: DFC DATE:  1/8/2021
4- Equivalent Lengths - Fittings on Injection Manifold
Description Eq Length Qty Eqg. Length
per fitting ft
1.5-inch elbow 43 3 12.9
3" X 1.5" Reducer 5 1 5
1.5" TEE Straight Thru 3 1 3
1.5" Gate Valve (1/4 closed) 5.5 1 5.5
26 to SHEET HL #4
5- Equivalent Lengths - Fittings on Injection Well
Description Eq Length Qty Eqg. Length
per fitting ft
1.5" TEE branched 9 1 9
9 to SHEET HL#4
6- Additional Losses Thru Appurtenances (on injection line)

Item

Flow Meter

Head Loss

psi

Head Loss
ft

2.31

2.31 to SHEET HL #5
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CALCULATION WORKSHEET NO. HL#2

January 2021

CLIENT: USACE JOB NUMBER: 6304306
SUBJECT: Puchack - Headloss Calculations (HL #2 - Path from pump to treatment trailer)
BY: KT CHECKED BY: DFC DATE: 1/8/2021
SYSTEM HEAD LOSS WORKSHEET
=0.002083 X L X (100/C)"% X [Q"55/d*2¢%%]
INPUT: Pipeline Type PVC CALCULATED: Static Discharge Head 60.2|feet’
Hazen/Williams Coefficient 140 Cross-sectional Area of Pipe| 0.049|SF
Pipeline Diameter 3|inches [Lay flat hose is 4 inch, but assumed 3" as a conservative approach]
Total Equivalent Length of Pipe 306|feet’
Lowest DRAWDOWN Elevation -16.3|feet (elev) (difference between top of casing and estimated pumping depth)
Trailer Inlet Elevation 43.9|feet (elev) (assumed grade elev. @RA-27D= 38.89';closest to the trailer)
Calculated headloss from submersible pump inlet to injection well.
Total
Flow Flow Velocity | Friction Losses| Entrance |Discharge Head Loss
C= 140 Losses Losses C= 140
gpm cfs ft/sec ft ft ft ft
90 0.201 4.08 6.7 0.130 0.259 67
Notes: 1 Static discharge head is the difference between the trailer inlet elevation and the lowest drawdown elevation

2 Total equiv. length is based on the following:

150 ft of pipe in well
103 ft of hose from well to trailer

53 ft of equivalent length of fittings
306 total equivalent length
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CALCULATION WORKSHEET NO. HL#3
CLIENT: USACE JOB NUMBER: 6304306
SUBJECT: Puchack - Headloss Calculations (HL #3 - Headloss inside trailer)
BY: KT CHECKED BY: DFC DATE: 1/8/2021
SYSTEM HEAD LOSS WORKSHEET
=0.002083 X L X (100/C)"®® X [Q"%%/d*%%%]
INPUT: Pipeline Type PVC CALCULATED: Static Discharge Head 4.0|feet’
Hazen/Williams Coefficient 140 Cross-sectional Area of Pipe| 0.049|SF
Pipeline Diameter 3|inches Cross-sectional Area of Pipe| 0.022|SF
Equivalent Length of 3 inch Pipe 120|feet?
Pipeline Diameter 2|inches
Length of 2 inch Pipe 7 [feet
Trailer Inlet Elevation 43.9|feet (elev) (assumed grade elev. @RA-27D= 38.89';closest to the trailer)
High Pipe Elevation 47.9|feet (elev)
Calculated headloss from submersible pump inlet to injection well.
Total
Flow Flow Velocity | Friction Losses| Entrance | Discharge Head Loss
C= 140 Losses Losses C= 140
gpm cfs ft/sec ft ft ft ft
90 0.201 2.6 0.130 0.259 7
90 0.201 1.1 0.656 1.312 3
Notes: 1 Static head is based on 4 ft thru trailer

2 Equiv. length is based on 25 ft of 3" pipe in trailer +

95 ft (equiv length in fittings).
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CALCULATION WORKSHEET NO. HL#4

January 2021

CLIENT: USACE JOB NUMBER: 6304306
SUBJECT: Puchack - Headloss Calculations (HL #4 - Headloss from trailer to injection well)
BY: KT CHECKED BY: DFC DATE: 1/8/2021
SYSTEM HEAD LOSS WORKSHEET
=0.002083 X L X (100/C)"®° X [Q"®%/d*2¢%%]
INPUT: Pipeline Type Rubber Hose CALCULATED: Static Discharge Head 0.0|feet’
Hazen/Williams Coefficient (New) 135 Cross-sectional Area of Pipe| 0.012|SF
Pipeline Diameter 1.5]inches
Equivalent Length of Pipe 743|feet’
Trailer Discharge Elevation 43.9|feet (elev) (assumed grade elev. @RA-27D= 38.89';closest to the trailer)
Injection Well Elevation 43.18|feet (elev)
Calculated headloss from submersible pump inlet to injection well.
Total
Flow Flow Velocity | Friction Losses Entrance Discharge Head Loss
C= 135 Losses Losses C= 135
gpm cfs ft/sec ft ft ft ft
18 0.040 3.27 26.0 0.083 0.166 26
Notes: 1 Static head is based on elevation difference between trailer and injection well when injection well is

2 Total equiv. length is based on the following:

at a higher elevation than the trailer discharge elevation

708 ft of hose to injection well
35 ft of equivalent length of fittings
743 total equivalent length
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CALCULATION WORKSHEET NO. HL#5

January 2021

CLIENT: USACE JOB NUMBER: 6304306
SUBJECT: Puchack - Headloss Calculations (HL#5 - Summary of Headloss)
BY: KT CHECKED BY: DFC DATE: 1/8/2021
Source Headloss Headloss
(ft)
HL#2 From pump to Trailer 67
HL #3  Within Trailer 10 pipe & fittings
HL #1  Appurtenances in Trailer 25 filter, flow meter, mixer
HL #4  From Trailer to injection well 26
HL #1  Flowmeter on Injection line 2.3 flow meter
131
Total Sytem requirement Flow Rate (GPM) 90
Total Head (FT) 131

EA recommends 75S75-12 Grundfos Pump
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Figure only intended to provide a visual content for the path from extraction well to trailer and injection well
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CALCULATION WORKSHEET NO. HL#1

CLIENT: USACE JOB NUMBER: 6304306
SUBJECT: Puchack - Headloss Calculations (HL#1 - Equivalent Lengths of fittings)

BY: KT CHECKED BY: DFC DATE: 1/8/2021

These calcs are covered by five worksheets:

HL#1 - This sheet with equivalent lengths of fittings estimated.
HL#2 - From the submersible pump to the treatment trailer
HL#3 - Piping in treatment trailer

HL#4 - From the treatment trailer to the injection well

HL#5 - Summary of losses

Equivalent Lengths - Fittings To Trailer from EX Well

Description Eq Length Qty
per fitting
ft
3" TEE branched 17 1
3" elbow 8.1 2
3" Check Valve (fully open) 20 1

The headloss (HL) calculations break the system down in three sections:
1 - From the submersible pump to the treatment trailer
2 - The treatment trailer, and

3 - From the treatment trailer to the injection well

The injection series for LA4 was evaluated assuming the extraction rate is 90 gpm at EX-LA-102 and injection rate is 18 gpm at RA-
144D. Injection well RA-144D was examined as worst case scenario because it is located as the farthest from the trailer.

Eqg. Length
ft
17
16
20

Equivalent Lengths - Fittings Within Trailer

Description Eq Length Qty
per fitting
ft
2-inch elbow 5.5 1
3" X 2" Reducer 5 1
3" TEE Straight Thru 5.11 2
3" Ball Valve (1/4 closed) 10 2
3-inch elbow 17 2
3" Check Valve (fully open) 20 1

53 to SHEET HL #2

Eqg. Length
ft

5.5

10.22
20
34
20

Additional Losses Thru Appurtenances (in trailer)

Head Loss
Iltem psi
Bag filter-HL to trigger bag change 2
Flow Meter 1
Mixer 8

95 to SHEET HL #3

Head Loss
ft
4.62
231 (less than 1 psi full range at 20 ft/s)
18.48 (Refer to mixer headloss curve sheet)

25 to SHEET HL #5
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CALCULATION WORKSHEET NO. HL#1
CLIENT: USACE JOB NUMBER: 6304306
SUBJECT: Puchack - Headloss Calculations (HL#1 - Equivalent Lengths of fittings)
BY: KT CHECKED BY: DFC DATE: 1/8/2021
4- Equivalent Lengths - Fittings on Injection Manifold
Description Eq Length Qty Eqg. Length
per fitting ft
1.5-inch elbow 43 3 12.9
3" X 1.5" Reducer 5 1 5
1.5" TEE Straight Thru 3 1 3
1.5" Gate Valve (1/4 closed) 5.5 1 5.5
26 to SHEET HL #4
5- Equivalent Lengths - Fittings on Injection Well
Description Eq Length Qty Eqg. Length
per fitting ft
1.5" TEE branched 9 1 9
9 to SHEET HL#4
6- Additional Losses Thru Appurtenances (on injection line)

Item

Flow Meter

Head Loss

psi

Head Loss
ft

2.31

2.31 to SHEET HL #5
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CALCULATION WORKSHEET NO. HL#2

January 2021

CLIENT: USACE JOB NUMBER: 6304306
SUBJECT: Puchack - Headloss Calculations (HL #2 - Path from pump to treatment trailer)
BY: KT CHECKED BY: DFC DATE: 1/8/2021
SYSTEM HEAD LOSS WORKSHEET
=0.002083 X L X (100/C)"% X [Q"55/d*2¢%%]
INPUT: Pipeline Type PVC CALCULATED: Static Discharge Head 138.2|feet’
Hazen/Williams Coefficient 140 Cross-sectional Area of Pipe| 0.049|SF
Pipeline Diameter 3|inches [Lay flat hose is 4 inch, but assumed 3" as a conservative approach]
Total Equivalent Length of Pipe 408|feet®
Lowest DRAWDOWN Elevation -76.8|feet (elev) (difference between top of casing and estimated pumping depth)
Trailer Inlet Elevation 61.5|feet (elev) (assumed grade elev. @INJ-LA4-144= 56.48";closest to the trailer)
Calculated headloss from submersible pump inlet to injection well.
Total
Flow Flow Velocity | Friction Losses| Entrance |Discharge Head Loss
C= 140 Losses Losses C= 140
gpm cfs ft/sec ft ft ft ft
90 0.201 4.08 9.0 0.130 0.259 148
Notes: 1 Static discharge head is the difference between the trailer inlet elevation and the lowest drawdown elevation

2 Total equiv. length is based on the following:

180 ft of pipe in well
175 ft of hose from well to trailer

53 ft of equivalent length of fittings
408 total equivalent length
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CALCULATION WORKSHEET NO. HL#3

CLIENT: USACE JOB NUMBER: 6304306
SUBJECT: Puchack - Headloss Calculations (HL #3 - Headloss inside trailer)
BY: KT CHECKED BY: DFC DATE: 1/8/2021
SYSTEM HEAD LOSS WORKSHEET
=0.002083 X L X (100/C)"®® X [Q"%%/d*%%%]
INPUT: Pipeline Type PVC| CALCULATED: Static Discharge Head 4.0[feet’
Hazen/Williams Coefficient 140 Cross-sectional Area of Pipe| 0.049|SF
Pipeline Diameter 3|inches Cross-sectional Area of Pipe| 0.022|SF
Equivalent Length of 3 inch Pipe 120|feet?
Pipeline Diameter 2|inches
Length of 2 inch Pipe 7 |feet
Trailer Inlet Elevation 61.5(|feet (elev) (assumed grade elev. @INJ-LA4-144= 56.48";closest to the trailer)
High Pipe Elevation 65.5|feet (elev)
Calculated headloss from submersible pump inlet to injection well.
Total
Flow Flow Velocity | Friction Losses| Entrance |Discharge] Head Loss
C= 140 Losses Losses | C= 140
gpm cfs ft/sec ft ft ft ft
90 0.201 4.08 2.6 0.130 0.259 7
90 0.201 9.19 1.1 0.656 1.312 3
Notes: 1 Static head is based on 4 ft thru trailer

2 Equiv. length is based on 25 ft of 3" pipe in trailer + 95 ft (equiv length in fittings).
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CALCULATION WORKSHEET NO. HL#4

January 2021

CLIENT: USACE JOB NUMBER: 6304306
SUBJECT: Puchack - Headloss Calculations (HL #4 - Headloss from trailer to injection well)
BY: KT CHECKED BY: DFC DATE: 1/8/2021
SYSTEM HEAD LOSS WORKSHEET
=0.002083 X L X (100/C)"®° X [Q"®%/d*2¢%%]
INPUT: Pipeline Type Rubber Hose CALCULATED: Static Discharge Head 0.0|feet’
Hazen/Williams Coefficient (New) 135 Cross-sectional Area of Pipe| 0.012|SF
Pipeline Diameter 1.5]inches
Equivalent Length of Pipe 441 |[feet®
Trailer Discharge Elevation 61.5|feet (elev) (assumed grade elev. @INJ-LA4-144= 56.48";closest to the trailer)
Injection Well Elevation 55.69(feet (elev)
Calculated headloss from submersible pump inlet to injection well.
Total
Flow Flow Velocity | Friction Losses Entrance Discharge Head Loss
C= 135 Losses Losses C= 135
gpm cfs ft/sec ft ft ft ft
18 0.040 3.27 15.4 0.083 0.166 16
Notes: 1 Static head is based on elevation difference between trailer and injection well when injection well is

2 Total equiv. length is based on the following:

at a higher elevation than the trailer discharge elevation

406 ft of hose to injection well
35 ft of equivalent length of fittings
441 total equivalent length
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CALCULATION WORKSHEET NO. HL#5

January 2021

CLIENT: USACE JOB NUMBER: 6304306
SUBJECT: Puchack - Headloss Calculations (HL#5 - Summary of Headloss)
BY: KT CHECKED BY: DFC DATE: 1/8/2021
Source Headloss Headloss
(ft)
HL#2 From pump to Trailer 148
HL #3  Within Trailer 10 pipe & fittings
HL #1  Appurtenances in Trailer 25 filter, flow meter, mixer
HL #4  From Trailer to injection well 16
HL #1  Flowmeter on Injection line 2.3 flow meter
201
Total Sytem requirement Flow Rate (GPM) 90
Total Head (FT) 201

EA recommends Model 75S75-12 Grundfos Pump
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Figure only intended to provide a visual content for the path from extraction well to trailer and injection well.
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CALCULATION WORKSHEET NO. HL#1

CLIENT: USACE JOB NUMBER: 6304306
SUBJECT: Puchack - Headloss Calculations (HL#1 - Equivalent Lengths of fittings)

BY: KT CHECKED BY: DFC DATE: 1/8/2021

The headloss (HL) calculations break the system down in three sections:
1 - From the submersible pump to the treatment trailer

2 - The treatment trailer, and

3 - From the treatment trailer to the injection well

These calcs are covered by five worksheets:

HL#1 - This sheet with equivalent lengths of fittings estimated.
HL#2 - From the submersible pump to the treatment trailer
HL#3 - Piping in treatment trailer

HL#4 - From the treatment trailer to the injection well

HL#5 - Summary of losses

The injection series for LA6 was evaluated assuming the extraction rate is 108 gpm at EX-L-6 and injection rate is 18 gpm at RA-
LA10-102. Injection well RA-LA10-102 was examined as worst case scenario because it is located the farthest from the trailer.

1- Equivalent Lengths - Fittings From Pump to Trailer Inlet

Description Eq Length Qty Eq. Length

per fitting ft
ft

3" TEE branched 17 1 17

3" Elbow 8.1 2 16.2

3" Check Valve (fully open) 20 1 20

53 to SHEET HL #2

2- Equivalent Lengths - Fittings Within Trailer

Description Eq Length Qty Eq. Length

per fitting ft
ft

2" Elbow 55 2 11

3" X 2" Reducer 5 1 5

3" TEE Straight Thru 5.11 2 10.22

3" Ball Valve (1/4 closed) 10 2 20

3" Elbow 8.1 5 40.5

3" Check Valve (fully open) 20 1 20

107 to SHEET HL #3
3- Additional Losses Thru Appurtenances (in trailer)
Head Loss Head Loss

Item psi ft

Bag filter-HL to trigger bag change 2 4.62

Flow Meter 1 2.31 (less than 1 psi full range at 20 ft/s)

Mixer 11.5 26.57 (Refer to mixer headloss curve sheet)

33.50 to SHEET HL #5
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CALCULATION WORKSHEET NO. HL#1
CLIENT: USACE JOB NUMBER: 6304306
SUBJECT: Puchack - Headloss Calculations (HL#1 - Equivalent Lengths of fittings)
BY: KT CHECKED BY: DFC DATE: 1/8/2021
4- Equivalent Lengths - Fittings on Injection Manifold

Description Eq Length Qty Eq. Length

per fitting ft

1.5" elbow 43 3 12.9

3" X 1.5" Reducer 5 1 5

1.5" TEE Straight Thru 3 1 3

1.5" Gate Valve (1/4 closed) 5.5 1 5.5

26 to SHEET HL #4

5- Equivalent Lengths - Fittings on Injection Well

Description Eq Length Qty Eq. Length

per fitting ft
1.5" TEE branched 9 1 9
9 to SHEET HL#4
6 - Additional Losses Thru Appurtenances (on injection line)
Head Loss Head Loss
ltem psi ft
Flow Meter 1 2.31

2.31 to SHEET HL #5
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CALCULATION WORKSHEET NO. HL#2

CLIENT:

USACE

JOB NUMBER: 6304306

SUBJECT: Puchack - Headloss Calculations (HL #2 - Path from pump to treatment trailer)

BY: KT CHECKED BY: DFC DATE: 1/8/2021
SYSTEM HEAD LOSS WORKSHEET
=0.002083 X L X (100/C)"®® X [Q"%%/d*%%%]
INPUT: Pipeline Type PVC CALCULATED: Static Discharge Head 101.8|feet’
Hazen/Williams Coefficient 140 Cross-sectional Area of Pipe| 0.049|SF
Pipeline Diameter 3|inches [Lay flat hose is 4 inch, but assumed 3" as a conservative approach]
Total Equivalent Length of Pipe 1279|feet’
Lowest DRAWDOWN Elevation -34.4|feet (elev) (difference between top of casing and estimated pumping depth)
Trailer Inlet Elevation 67|feet (elev) (assumed grade elev. @RA-14D = 62.46';closest to the trailer)
Calculated headloss from submersible pump inlet to injection well.
Total
Flow Flow Velocity | Friction Losses| Entrance | Discharge Head Loss
C= 140 Losses Losses C= 140
gpm cfs ft/sec ft ft ft ft
108 0.241 4.90 39.4 0.187 0.373 142
Notes: 1 Static discharge head is the difference between the trailer inlet elevation and the lowest drawdown elevation

2 Total equiv. length is based on the following:

180 ft of pipe in well
1046 ft of hose from well to trailer
53 ft of equivalent length of fittings
1279 total equivalent length
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CALCULATION WORKSHEET NO. HL#3
CLIENT:  USACE JOB NUMBER: 6304306

SUBJECT: Puchack - Headloss Calculations (HL #3 - Headloss inside trailer)

BY: KT CHECKED BY: DFC DATE: 1/8/2021

SYSTEM HEAD LOSS WORKSHEET

=0.002083 X L X (100/C)"® X [Q"*%/d*555%]

INPUT: Pipeline Type PVC CALCULATED: Static Discharge Head 4.0feet’
Hazen/Williams Coefficient 140 Cross-sectional Area of Pipe 0.049|SF
Pipeline Diameter 3|inches Cross-sectional Area of Pipe 0.022|SF
Equivalent Length of 3 inch Pipe 132|feet?

Pipeline Diameter 2|inches

Length of 2 inch Pipe 7|feet

Trailer Inlet Elevation 67.5|feet (elev) (assumed grade elev. @RA-14D = 62.46';closest to the trailer)
High Pipe Elevation in trailer 71.5|feet (elev)

Calculated headloss from submersible pump inlet to injection well.

Total
Flow Flow Velocity | Friction Losses| Entrance | Discharge Head Loss
C= 140 Losses Losses |[C= 140
gpm cfs ft/sec ft ft ft ft
108 0.241 4.90 4.1 0.187 0.373 8.6
108 0.241 11.03 1.6 0.944 1.889 4.4

Notes: 1 Static head is based on 4 ft thru trailer
2 Equiv. length is based on 25 ft of 3" pipe in trailer+ 107 ft (equiv length in fittings).
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CALCULATION WORKSHEET NO. HL#4
CLIENT: USACE JOB NUMBER: 6304306
SUBJECT: Puchack - Headloss Calculations (HL #4 - Headloss from trailer to injection well)
BY: KT CHECKED BY: DFC DATE: 1/8/2021
SYSTEM HEAD LOSS WORKSHEET
=0.002083 X L X (100/C)"% X [Q"%/d*8%%%
INPUT: Pipeline Type Rubber Hose CALCULATED: Static Discharge Head 0.0/feet’
Hazen/Williams Coefficient (New) 135 Cross-sectional Area of Pipe| 0.012|SF
Pipeline Diameter 1.5]inches
Equivalent Length of Pipe 613|feet’
Trailer Discharge Elevation 67.5|feet (elev) (assumed grade elev. @RA-14D = 62.46";closest to the trailer)
Injection Well Elevation 62.3|feet (elev)
Calculated headloss from submersible pump inlet to injection well.
Total
Flow Flow Velocity | Friction Losses| Entrance Discharge Head Loss
C= 135 Losses Losses C= 135
gpm cfs ft/sec ft ft ft ft
18 0.040 21.4 0.083 0.166 22
Notes: 1 Static head is based on elevation difference between trailer and injection well when injection well is

at a higher elevation than the trailer discharge elevation

2 Total equiv. length is based on the following:

578 ft of hose to injection well
35 ft of equivalent length of fittings
613 total equivalent length







EA Engineering, Science,and Technology, Inc., PBC January 2021
CALCULATION WORKSHEET NO. HL#5
CLIENT: USACE JOB NUMBER: 6304306
SUBJECT: Puchack - Headloss Calculations (HL#5 - Summary of Headloss)
BY: KT CHECKED BY: DFC DATE: 1/8/2021
Source Headloss Headloss
(ft)
HL#2 From pump to Trailer 142
HL #3  Within Trailer 13 pipe & fittings
HL #1  Appurtenances in Trailer 33 filter, flow meter, mixer
HL #4  From Trailer to injection well 22
HL #1  Flowmeter on Injection line 2.3 flow meter
212
Total Sytem requirement Flow Rate (GPM) 108
Total Head (FT) 212

EA recommends 230S200-5 Grundfos Pump
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INJ-L-24 .

F 4 o

EX-L-7 969 ft to Trailer

RA-6D 209 ft to Trailer

INJ-L-19 137 ft to Trailer

Figure only intended to provide a visual content for the path from extraction well to trailer and injection well







EA Engineering, Science,and Technology, Inc., PBC January 2021
CALCULATION WORKSHEET NO. HL#1

CLIENT: USACE JOB NUMBER: 6304306
SUBJECT: Puchack - Headloss Calculations (HL#1 - Equivalent Lengths of fittings)

BY: KT CHECKED BY: DFC DATE: 1/8/2021

These calcs are covered by five worksheets:
HL#1 - This sheet with equivalent lengths of fittings estimated.
HL#2 - From the submersible pump to the treatment trailer
HL#3 - Piping in treatment trailer

HL#4 - From the treatment trailer to the injection well
HL#5 - Summary of losses

Equivalent Lengths - Fittings To Trailer from EX Well

The headloss (HL) calculations break the system down in three sections:
1 - From the submersible pump to the treatment trailer
2 - The treatment trailer, and

3 - From the treatment trailer to the injection well

The injection series for LA9 was evaluated assuming the extraction rate is 84 gpm at EX-L-8 and injection rate is 14.3 gpm at EX-L-07.
Injection well EX-L-07 was examined as worst case scenario because it is located the farthest from the trailer.

Description Eq Length Qty Eq. Length

per fitting ft

ft
3" TEE branched 17 3 51
3" Elbow 8.1 2 16.2
3" Check Valve (fully open) 20 1 20
87 to SHEET HL #2

Equivalent Lengths - Fittings Within Trailer
Description Eq Length Qty Eq. Length

per fitting ft

ft
2" elbow 5.5 1 5.5
3" X 2" Reducer 5 1 5
3" TEE Straight Thru 5.11 2 10.22
3" Ball Valve (1/4 closed) 10 2 20
3" elbow 8.1 2 16.2
3" Check Valve (fully open) 20 1 20
77 to SHEET HL #3
Additional Losses Thru Appurtenances (in trailer)
Head Loss Head Loss

Item psi ft
Bag filter-HL to trigger bag change 2 4.62
Flow Meter 1 2.31 (less than 1 psi full range at 20 ft/s)
Mixer 71 16.40 (Refer to mixer headloss curve sheet)

23.33 to SHEET HL #5
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CALCULATION WORKSHEET NO. HL#1
CLIENT: USACE JOB NUMBER: 6304306
SUBJECT: Puchack - Headloss Calculations (HL#1 - Equivalent Lengths of fittings)
BY: KT CHECKED BY: DFC DATE: 1/8/2021
4- Equivalent Lengths - Fittings on Injection Manifold

Description Eq Length Qty Eq. Length

per fitting ft

1.5" elbow 43 3 12.9

3" X 1.5" Reducer 5 1 5

1.5" TEE Straight Thru 3 1 3

1.5" Gate Valve (1/4 closed) 5.5 1 5.5

26 to SHEET HL #4

5- Equivalent Lengths - Fittings on Injection Well

Description Eq Length Qty Eq. Length

per fitting ft
1.5" TEE branched 9 1 9
9 to SHEET HL#4
6 - Additional Losses Thru Appurtenances (on injection line)
Head Loss Head Loss
ltem psi ft
Flow Meter 1 2.31

2.31 to SHEET HL #5
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CALCULATION WORKSHEET NO. HL#2
CLIENT:  USACE JOB NUMBER: 6304306

SUBJECT: Puchack - Headloss Calculations (HL #2 - Path from pump to treatment trailer)

BY: KT CHECKED BY: DFC DATE: 1/8/2021

SYSTEM HEAD LOSS WORKSHEET

=0.002083 X L X (100/C)"® X [Q"*%/d*555%]

INPUT: Pipeline Type PVC CALCULATED: Static Discharge Head 95.9|feet’
Hazen/Williams Coefficient 140 Cross-sectional Area of Pipe| 0.049|SF
Pipeline Diameter 3|inches [Lay flat hose is 4 inch, but assumed 3" as a conservative approach]
Total Equivalent Length of Pipe 569 |feet?
Lowest DRAWDOWN Elevation -27.5|feet (elev) (difference between top of casing and estimated pumping depth)
Trailer Inlet Elevation 68.5|feet (elev) (assumed grade elev. @INJ-L-18 = 63.47";closest to the trailer)

Calculated headloss from submersible pump inlet to injection well.

Total
Flow Flow Velocity | Friction Losses| Entrance |Discharge Head Loss
C= 140 Losses Losses C= 140
gpm cfs ft/sec ft ft ft ft
84 0.187 3.81 11.0 0.113 0.226 107
Notes: 1 Static discharge head is the difference between the trailer inlet elevation and the lowest drawdown elevation

2 Total equiv. length is based on the following:
176 ft of pipe in well
306 ft of hose from well to trailer
87 ft of equivalent length of fittings
569 total equivalent length







2 Equiv. length is based on 25 ft of 3" pipe in trailer +

77 ft (equiv length in fittings).
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CALCULATION WORKSHEET NO. HL#3
CLIENT: USACE JOB NUMBER: 6304306
SUBJECT: Puchack - Headloss Calculations (HL #3 - Headloss inside trailer)
BY: KT CHECKED BY: DFC DATE: 1/8/2021
SYSTEM HEAD LOSS WORKSHEET
=0.002083 X L X (100/C)"% X [Q"85/d*%%%)
INPUT: Pipeline Type PVCICALCULATED: Static Discharge Head 4.0|feet’
Hazen/Williams Coefficient 140 Cross-sectional Area of Pipe| 0.049|SF
Pipeline Diameter 3|inches Cross-sectional Area of Pipe| 0.022|SF
Equivalent Length of 3 inch Pipe 102|feet?
Pipeline Diameter 2linches
Length of 2 inch Pipe 7|feet
Trailer Inlet Elevation 68.5|feet (elev (assumed grade elev. @INJ-L-18 = 63.47";closest to the trailer)
High Pipe Elevation in trailer 72.5(feet (elev)
Calculated headloss from submersible pump inlet to injection well.
T
Total
Flow Flow Velocity | Friction Losses| Entrance Pischargq Head Loss
C= 140 Losses | Losses| C= 140
gpm cfs ft/sec ft ft ft ft
84 0.187 3.81 2 0.113 0.226 6
84 0.187 8.58 1 0.571 1.143 7
Notes: 1 Static head is based on 4 ft thru trailer
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CALCULATION WORKSHEET NO. HL#4
CLIENT: USACE JOB NUMBER: 6304306
SUBJECT: Puchack - Headloss Calculations (HL #4 - Headloss from trailer to injection well)
BY: KT CHECKED BY: DFC DATE: 1/8/2021
SYSTEM HEAD LOSS WORKSHEET
=0.002083 X L X (100/C)"% X [Q"-%5/d*2555)
INPUT: Pipeline Type Rubber Hose CALCULATED: Static Discharge Head 0.0/feet’
Hazen/Williams Coefficient (New) 135 Cross-sectional Area of Pipe[ 0.012|SF
Pipeline Diameter 1.5|inches
Equivalent Length of Pipe 1004 |feet®
Trailer Discharge Elevation 68.5|feet (elev) (assumed grade elev. @INJ-L-18 = 63.47";closest to the trailer)
Injection Well Elevation 58.9(feet (elev)
Calculated headloss from submersible pump inlet to injection well.
Total
Flow Flow Velocity | Friction Losses| Entrance Discharge Head Loss
C= 135 Lc Lc C= 135
gpm cfs ft/sec ft ft ft ft
14.3 0.032 2.60 22.9 0.052 0.105 23
Notes: 1 Static head is based on elevation difference between trailer and injection well when injection well is at a higher elevation

than the trailer discharge elevation
2 Total equiv. length is based on the following:

969 ft of hose to injection well
35 ft of equivalent length of fittings
1004 total equivalent length
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CALCULATION WORKSHEET NO. HL#5

January 2021

CLIENT: USACE JOB NUMBER: 6304306
SUBJECT: Puchack - Headloss Calculations (HL#5 - Summary of Headloss)
BY: KT CHECKED BY: DFC DATE: 1/8/2021
Source Headloss Headloss
(ft)
HL#2 From pump to Trailer 107
HL #3  Within Trailer 13 pipe & fittings
HL #1  Appurtenances in Trailer 23 filter, flow meter, mixer
HL #4  From Trailer to injection well 23
HL #1  Flowmeter on Injection line 2.3 flow meter
169
Total Sytem requirement Flow Rate (GPM) 84
Total Head (FT) 169

EA recommends 75S75-12 Grundfos Pump
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CALCULATION WORKSHEET NO. HL#1

CLIENT: USACE JOB NUMBER: 6304306
SUBJECT: Puchack - Headloss Calculations (HL#1 - Equivalent Lengths of fittings)

BY: KT CHECKED BY: DFC 1/8/2021

The headloss (HL) calculations break the system down in three sections:
1 - From the submersible pump to the treatment trailer

2 - The treatment trailer, and

3 - From the treatment trailer to the injection well

These calcs are covered by five worksheets:

HL#1 - This sheet with equivalent lengths of fittings estimated.
HL#2 - From the submersible pump to the treatment trailer
HL#3 - Piping in treatment trailer

HL#4 - From the treatment trailer to the injection well

HL#5 - Summary of losses

The injection series for LB1 was evaluated assuming the extraction rate is 120 gpm at EX-LB-101 and injection rate is 30 gpm at

RA-40D. Injection well RA-40D was examined as worst case scenario because it is located the farthest from the trailer.

1- Equivalent Lengths - Fittings From Pump to Trailer Inlet

Description Eq Length Qty Eq. Length

per fitting ft
ft

3" TEE branched 17 1 17

3" elbow 8.1 2 16.2

3" Check Valve (fully open) 20 1 20

53 to SHEET HL #2

2- Equivalent Lengths - Fittings Within Trailer

Description Eq Length Qty Eq. Length

per fitting ft
ft

2-inch elbow 55 2 11

3" X 2" Reducer 5 1 5

3" TEE Straight Thru 5.11 2 10.22

3" Ball Valve (1/4 closed) 10 2 20

3-inch elbow 8.1 5 40.5

3" Check Valve (fully open) 20 1 20

107 to SHEET HL #3
3- Additional Losses Thru Appurtenances (in trailer)
Head Loss Head Loss

Item psi ft

Bag filter-HL to trigger bag change 2 4.62

Flow Meter 1 2.31 (less than 1 psi full range at 20 ft/s)

Mixer 14 32.34 (Refer to mixer headloss curve sheet)

39 to SHEET HL #5
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CALCULATION WORKSHEET NO. HL#1
CLIENT: USACE JOB NUMBER: 6304306
SUBJECT: Puchack - Headloss Calculations (HL#1 - Equivalent Lengths of fittings)
BY: KT CHECKED BY: DFC DATE: 1/8/2021
4- Equivalent Lengths - Fittings on Injection Manifold

Description Eq Length Qty Eq. Length

per fitting ft

1.5-inch elbow 43 3 12.9

3" X 1.5" Reducer 5 1 5

1.5" TEE Straight Thru 3 1 3

1.5" Gate Valve (1/4 closed) 5.5 1 5.5

26 to SHEET HL #4

5- Equivalent Lengths - Fittings on Injection Well

Description Eq Length Qty Eq. Length

per fitting ft
1.5" TEE branched 9 1 9
9 to SHEET HL#4
6 - Additional Losses Thru Appurtenances (on injection line)
Head Loss Head Loss
ltem psi ft
Flow Meter 1 2.31

2.31 to SHEET HL #5
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CALCULATION WORKSHEET NO. HL#2

Janaury 2021

CLIENT:

USACE

JOB NUMBER: 6304306

SUBJECT: Puchack - Headloss Calculations (HL #2 - Path from pump to treatment trailer)

BY: KT CHECKED BY: DFC DATE: 1/8/2021
SYSTEM HEAD LOSS WORKSHEET
=0.002083 X L X (100/C)"®® X [Q"%%/d*%%%]
INPUT: Pipeline Type PVC CALCULATED: Static Discharge Head 235.5|feet’
Hazen/Williams Coefficient 140 Cross-sectional Area of Pipe| 0.049|SF
Pipeline Diameter 3|inches [Lay flat hose is 4 inch, but assumed 3" as a conservative approach]
Total Equivalent Length of Pipe 343|feet?
Lowest DRAWDOWN Elevation -173.8|feet (elev) (difference between top of casing and estimated pumping depth)
Trailer Inlet Elevation 61.7|feet (elev) (assumed grade elev. @INJ-LA5-153 = 56.70';closest to the trailer)
Calculated headloss from submersible pump inlet to injection well.
Total
Flow Flow Velocity | Friction Losses| Entrance | Discharge Head Loss
C= 140 Losses Losses C= 140
gpm cfs ft/sec ft ft ft ft
120 0.267 5.45 12.9 0.230 0.461 249
Notes: 1 Static discharge head is the difference between the trailer inlet elevation and the lowest drawdown elevation

2 Total equiv. length is based on the following:

235 ft of pipe in well

55 ft of hose from well to trailer

53 ft of equivalent length of fittings
343 total equivalent length
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CALCULATION WORKSHEET NO. HL#3

Janaury 2021

CLIENT: USACE JOB NUMBER: 6304306
SUBJECT: Puchack - Headloss Calculations (HL #3 - Headloss inside trailer)
BY: KT CHECKED BY: DFC DATE: 1/8/2021
SYSTEM HEAD LOSS WORKSHEET
=0.002083 X L X (100/C)"% X [Q"%/d*%¢%9)
INPUT: Pipeline Type PVC CALCULATED: Static Discharge Head 4.0|feet’
Hazen/Williams Coefficient 140 Cross-sectional Area of Pipe 0.049(SF
Pipeline Diameter 3linches Cross-sectional Area of Pipe 0.022(SF
Equivalent Length of 3 inch Pipe 132|feet?
Pipeline Diameter 2|inches
Length of 2 inch Pipe 7 |feet
Trailer Inlet Elevation 61.7 [feet (elev) (assumed grade elev. @INJ-LA5-153 = 56.70';closest to the trailer)
High Pipe Elevation in trailer 65.7 [feet (elev)
Calculated headloss from submersible pump inlet to injection well.
Total
Flow Flow Velocity | Friction Losses| Entrance |Dischargel Head Loss
C= 140 Losses Losses |C = 140
gpm cfs ft/sec ft ft ft ft
120 0.267 5.45 4.9 0.230 0.461 9.6
120 0.267 12.25 1.9 1.166 2.332 5.4
Notes: 1 Static head is based on 4 ft thru trailer

2 Equiv. length is based on 25 ft of 3" pipe in trailer+

107 ft (equiv length in fittings).
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CALCULATION WORKSHEET NO. HL#4

Janaury 2021

CLIENT: USACE JOB NUMBER: 6304306
SUBJECT: Puchack - Headloss Calculations (HL #4 - Headloss from trailer to injection well)
BY: KT CHECKED BY: DFC DATE: 1/8/2021
SYSTEM HEAD LOSS WORKSHEET
=0.002083 X L X (100/C)"% X [Q"%/d*8%%%
INPUT: Pipeline Type Rubber Hose CALCULATED: Static Discharge Head 0.0/feet’
Hazen/Williams Coefficient (New) 135 Cross-sectional Area of Pipe| 0.012|SF
Pipeline Diameter 1.5]inches
Equivalent Length of Pipe 393|feet?
Trailer Discharge Elevation 61.7 |feet (elev) (assumed grade elev. @INJ-LA5-153 = 56.70";closest to the trailer)
Injection Well Elevation 54.0|feet (elev)
Calculated headloss from submersible pump inlet to injection well.
Total
Flow Flow Velocity | Friction Losses| Entrance Discharge Head Loss
C= 135 Losses Losses C= 135
gpm cfs ft/sec ft ft ft ft
30 0.067 35.3 0.230 0.461 36
Notes: 1 Static head is based on elevation difference between trailer and injection well when injection well is

at a higher elevation than the trailer discharge elevation

2 Total equiv. length is based on the following:

358 ft of hose to injection well
35 ft of equivalent length of fittings
393 total equivalent length
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CALCULATION WORKSHEET NO. HL#5
CLIENT: USACE JOB NUMBER: 6304306
SUBJECT: Puchack - Headloss Calculations (HL#5 - Summary of Headloss)
BY: KT CHECKED BY: DFC DATE: 1/8/2021
Source Headloss Headloss
(ft)
HL#2 From pump to Trailer 249
HL #3  Within Trailer 15 pipe & fittings
HL #1  Appurtenances in Trailer 39 filter, flow meter, mixer
HL #4  From Trailer to injection well 36
HL #1  Flowmeter on Injection line 2.3 flow meter
342
Total Sytem requirement Flow Rate (GPM) 120
Total Head (FT) 342

EA recommends 230S200-5 Grundfos Pump
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Figure only i ded to provide a visual for the path from extraction well to traller and injection well.







CALCULATION WORKSHEET NO. HL#1

CLIENT:

USACE

JOB NUMBER:

SUBJECT: Puchack - Headloss Calculations (HL#1 - Equivalent Lengths of fittings)

BY:

KT

CHECKED BY: DFC DATE:

6304306

1/8/2021

These calcs are covered by five worksheets:

HL#1 - This sheet with equivalent lengths of fittings estimated.
HL#2 - From the submersible pump to the treatment trailer
HL#3 - Piping in treatment trailer

HL#4 - From the treatment trailer to the injection well
HL#5 - Summary of losses

Equivalent Lengths - Fittings From Pump to Trailer Inlet

The headloss (HL) calculations break the system down in three sections:
1 - From the submersible pump to the treatment trailer
2 - The treatment trailer, and

3 - From the treatment trailer to the injection well

The injection series for LB1 was evaluated assuming the extraction rate is 90 gpm at EX-LB-101 and injection rate is 30 gpm at
INJ-LB2-123. Injection well INJ-LB2-123 was examined as worst case scenario because it is located the farthest from the trailer.

Description Eq Length Qty Eq. Length

per fitting ft

ft
3" TEE branched 17 1 17
3" elbow 8.1 2 16.2
3" Check Valve (fully open) 20 1 20
53 to SHEET HL #2

Equivalent Lengths - Fittings Within Trailer
Description Eq Length Qty Eq. Length

per fitting ft

ft
2-inch elbow 55 2 11
3" X 2" Reducer 5 1 5
3" TEE Straight Thru 5.11 2 10.22
3" Ball Valve (1/4 closed) 10 2 20
3-inch elbow 8.1 5 40.5
3" Check Valve (fully open) 20 1 20
107 to SHEET HL #3
Additional Losses Thru Appurtenances (in trailer)
Head Loss Head Loss

Item psi ft
Bag filter-HL to trigger bag change 2 4.62
Flow Meter 1 2.31 (less than 1 psi full range at 20 ft/s)
Mixer 8 18.48 (Refer to mixer headloss curve sheet)

25 to SHEET HL #5







CALCULATION WORKSHEET NO. HL#1

CLIENT: USACE JOB NUMBER: 6304306
SUBJECT: Puchack - Headloss Calculations (HL#1 - Equivalent Lengths of fittings)
BY: KT CHECKED BY: DFC DATE: 1/8/2021
4- Equivalent Lengths - Fittings on Injection Manifold

Description Eq Length Qty Eq. Length

per fitting ft

1.5-inch elbow 43 3 12.9

3" X 1.5" Reducer 5 1 5

1.5" TEE Straight Thru 3 1 3

1.5" Gate Valve (1/4 closed) 5.5 1 5.5

26 to SHEET HL #4

5- Equivalent Lengths - Fittings on Injection Well

Description Eq Length Qty Eq. Length

per fitting ft
1.5" TEE branched 9 1 9
9 to SHEET HL#4
6 - Additional Losses Thru Appurtenances (on injection line)
Head Loss Head Loss
ltem psi ft
Flow Meter 1 2.31

2.31 to SHEET HL #5







CALCULATION WORKSHEET NO. HL#2

CLIENT: USACE JOB NUMBER: 6304306
SUBJECT: Puchack - Headloss Calculations (HL #2 - Path from pump to treatment trailer)
BY: KT CHECKED BY: DFC DATE: 1/8/2021
SYSTEM HEAD LOSS WORKSHEET
=0.002083 X L X (100/C)"®® X [Q"%%/d*%%%]
INPUT: Pipeline Type PVC CALCULATED: Static Discharge Head 204 |feet’
Hazen/Williams Coefficient 140 Cross-sectional Area of Pipe| 0.049|SF
Pipeline Diameter 3|inches [Lay flat hose is 4 inch, but assumed 3" as a conservative approach]
Total Equivalent Length of Pipe 509|feet’
Lowest DRAWDOWN Elevation -142.8|feet (elev) (difference between top of casing and estimated pumping depth)
Trailer Inlet Elevation 60.8(feet (elev) (assumed grade elev. @INJ-LA5-155A = 54.81";closest to the trailer)
Calculated headloss from submersible pump inlet to injection well.
Total
Flow Flow Velocity | Friction Losses| Entrance | Discharge Head Loss
C= 140 Losses Losses C= 140
gpm cfs ft/sec ft ft ft ft
90 0.201 4.08 11.2 0.130 0.259 215
Notes: 1 Static discharge head is the difference between the trailer inlet elevation and the lowest drawdown elevation

2 Total equiv. length is based on the following:

235 ft of pipe in well
221 ft of hose from well to trailer

53 ft of equivalent length of fittings

509 total equivalent length







CALCULATION WORKSHEET NO. HL#3

CLIENT: USACE JOB NUMBER: 6304306
SUBJECT: Puchack - Headloss Calculations (HL #3 - Headloss inside trailer)
BY: KT CHECKED BY: DFC DATE: 1/8/2021
SYSTEM HEAD LOSS WORKSHEET
=0.002083 X L X (100/C)"% X [Q"*%/d*%¢°%]
INPUT: Pipeline Type PVC CALCULATED: Static Discharge Head 4.0feet’
Hazen/Williams Coefficient 140 Cross-sectional Area of Pipe 0.049|SF
Pipeline Diameter 3|inches Cross-sectional Area of Pipe 0.022|SF
Equivalent Length of 3 inch Pipe 132|feet?
Pipeline Diameter 2|inches
Length of 2 inch Pipe 7|feet
Trailer Inlet Elevation 60.8|feet (elev) (assumed grade elev. @INJ-LA5-155A = 54.81";closest to the trailer)
High Pipe Elevation in trailer 64.8|feet (elev)
Calculated headloss from submersible pump inlet to injection well.
Total
Flow Flow Velocity | Friction Losses| Entrance | Discharge Head Loss
C= 140 Losses Losses |[C= 140
gpm cfs ft/sec ft ft ft ft
90 0.201 2.9 0.130 0.259 7.3
90 0.201 1.1 0.656 1.312 3.1
Notes: 1 Static head is based on 4 ft thru trailer

2 Equiv. length is based on 25 ft of 3" pipe in trailer+

107 ft (equiv length in fittings).







CALCULATION WORKSHEET NO. HL#4

CLIENT: USACE JOB NUMBER: 6304306
SUBJECT: Puchack - Headloss Calculations (HL #4 - Headloss from trailer to injection well)
BY: KT CHECKED BY: DFC DATE: 1/8/2021
SYSTEM HEAD LOSS WORKSHEET
=0.002083 X L X (100/C)"% X [Q"%/d*8%%%
INPUT: Pipeline Type Rubber Hose CALCULATED: Static Discharge Head 0.0/feet’
Hazen/Williams Coefficient (New) 135 Cross-sectional Area of Pipe| 0.012|SF
Pipeline Diameter 1.5]inches
Equivalent Length of Pipe 449|feet®
Trailer Discharge Elevation 60.8|feet (elev) (assumed grade elev. @INJ-LA5-155A = 54.81";closest to the trailer)
Injection Well Elevation 55.6|feet (elev)
Calculated headloss from submersible pump inlet to injection well.
Total
Flow Flow Velocity | Friction Losses| Entrance Discharge Head Loss
C= 135 Losses Losses C= 135
gpm cfs ft/sec ft ft ft ft
30 0.067 40.4 0.230 0.461 41
Notes: 1 Static head is based on elevation difference between trailer and injection well when injection well is

at a higher elevation than the trailer discharge elevation

2 Total equiv. length is based on the following:

414 ft of hose to injection well
35 ft of equivalent length of fittings
449 total equivalent length







CALCULATION WORKSHEET NO. HL#5

CLIENT: USACE JOB NUMBER: 6304306
SUBJECT: Puchack - Headloss Calculations (HL#5 - Summary of Headloss)
BY: KT CHECKED BY: DFC DATE: 1/8/2021
Source Headloss Headloss
(ft)
HL#2 From pump to Trailer 215
HL #3  Within Trailer 10 pipe & fittings
HL #1  Appurtenances in Trailer 25 filter, flow meter, mixer
HL #4  From Trailer to injection well 41
HL #1  Flowmeter on Injection line 2.3 flow meter
294
Total Sytem requirement Flow Rate (GPM) 90
Total Head (FT) 294

EA recommends 230S200-5 Grundfos Pump
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CALCULATION WORKSHEET NO. HL#1

CLIENT: USACE JOB NUMBER:
SUBJECT: Puchack - Headloss Calculations (HL#1 - Equivalent Lengths of fittings)

BY: KT CHECKED BY: DFC DATE:

6304306

1/8/2021

The headloss (HL) calculations break the system down in three sections:
1 - From the submersible pump to the treatment trailer

2 - The treatment trailer, and

3 - From the treatment trailer to the injection well

These calcs are covered by five worksheets:

HL#1 - This sheet with equivalent lengths of fittings estimated.
HL#2 - From the submersible pump to the treatment trailer
HL#3 - Piping in treatment trailer

HL#4 - From the treatment trailer to the injection well

HL#5 - Summary of losses

The injection series for LB4/LA10/LA11 was evaluated assuming the extraction rate is 114 gpm at EX-LB-103 and injection
rate is 30 gpm at INJ-LB4-142. Injection well INJ-LB4-142 was examined as worst case scenario because it is located the
farthest from the trailer.

1- Equivalent Lengths - Fittings To Trailer from EX Well

Description Eq Length Qty Eq. Length

per fitting ft
ft

3" TEE branched 17 1 17

3" Elbow 8.1 2 16.2

3" Check Valve (fully open) 20 1 20

53 to SHEET HL #2

2- Equivalent Lengths - Fittings Within Trailer

Description Eq Length Qty Eq. Length

per fitting ft
ft

2" Elbow 5.5 2 11

3" X 2" Reducer 5 1 5

3" TEE Straight Thru 5.11 2 10.22

3" Ball Valve (1/4 closed) 10 2 20

3" Elbow 8.1 5 40.5

3" Check Valve (fully open) 20 1 20

107 to SHEET HL #3

3- Additional Losses Thru Appurtenances (in trailer)

Head Loss Head Loss

Iltem psi ft

Bag filter-HL to trigger bag change 2 4.62

Flow Meter 1 2.31 (less than 1 psi full range at 20 ft/s)
Mixer 13 30.03 (Refer to mixer headloss curve sheet)

36.96 to SHEET HL #5
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CALCULATION WORKSHEET NO. HL#1

January 2021

CLIENT: USACE JOB NUMBER: 6304306
SUBJECT: Puchack - Headloss Calculations (HL#1 - Equivalent Lengths of fittings)
BY: KT CHECKED BY: DFC DATE: 1/8/2021
4- Equivalent Lengths - Fittings on Injection Manifold

Description Eq Length Qty Eq. Length

per fitting ft

1.5" Elbow 4.3 3 12.9

3" X 1.5" Reducer 5 1 5

1.5" TEE Straight Thru 3 1 3

1.5" Gate Valve (1/4 closed) 5.5 1 5.5

26 to SHEET HL #4

5- Equivalent Lengths - Fittings on Injection Well

Description Eq Length Qty Eq. Length

per fitting ft
1.5" TEE branched 9 1 9
9 to SHEET HL#4
6 - Additional Losses Thru Appurtenances (on injection line)
Head Loss Head Loss
ltem psi ft
Flow Meter 1 2.31

2.31 to SHEET HL #5
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CALCULATION WORKSHEET NO. HL#2

January 2021

CLIENT: USACE JOB NUMBER: 6304306
SUBJECT: Puchack - Headloss Calculations (HL #2 - Path from pump to treatment trailer)
BY: KT CHECKED BY: DFC DATE: 1/8/2021
SYSTEM HEAD LOSS WORKSHEET
=0.002083 X L X (100/C)"% X [Q"55/d*2¢%%]
INPUT: Pipeline Type PVC CALCULATED: Static Discharge Head 100.8 feet’
Hazen/Williams Coefficient 140 Cross-sectional Area of Pipe| 0.049(SF
Pipeline Diameter 3|inches [Lay flat hose is 4 inch, but assumed 3" as a conservative approach]
Total Equivalent Length of Pipe 679|feet’
Lowest DRAWDOWN Elevation -41.01 |feet (elev) (difference between top of casing and estimated pumping depth)
Trailer Inlet Elevation 59.8|feet (elev) (assumed grade elev. @INJ-LA12-121 = 54.78";closest to the trailer)
Calculated headloss from submersible pump inlet to injection well.
Total
Flow Flow Velocity | Friction Losses| Entrance |Discharge Head Loss
C= 140 Losses Losses C= 140
gpm cfs ft/sec ft ft ft ft
114 0.254 5.17 23.1 0.208 0.416 125
Notes: 1 Static discharge head is the difference between the trailer inlet elevation and the lowest drawdown elevation

2 Total equiv. length is based on the following:

215 ft of pipe in well

411 ft of hose from well to trailer

53 ft of equivalent length of fittings

679 total equivalent length
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CALCULATION WORKSHEET NO. HL#3

CLIENT: USACE JOB NUMBER: 6304306
SUBJECT: Puchack - Headloss Calculations (HL #3 - Headloss inside trailer)
BY: KT CHECKED BY: DFC DATE: 1/8/2021
SYSTEM HEAD LOSS WORKSHEET
=0.002083 X L X (100/C)"%* X [Q"®%/d*2%%%)
INPUT: Pipeline Type PVC CALCULATED: Static Discharge Head 4.0|feet’
Hazen/Williams Coefficient 140 Cross-sectional Area of Pipe| 0.049|SF
Pipeline Diameter 3|inches Cross-sectional Area of Pipe| 0.022|SF
Equivalent Length of 3 inch Pipe 132|feet?
Pipeline Diameter 2|inches
Length of 2 inch Pipe 7|feet
Trailer Inlet Elevation 59.8|feet (elev) (assumed grade elev. @INJ-LA12-121 = 54.78';closest to the traile
High Pipe Elevation in trailer 63.8|feet (elev)
Calculated headloss from submersible pump inlet to injection well.
Total
Flow Flow Velocity | Friction Losses| Entrance [Discharge Head Loss
C= 140 Losses Losses C= 140
gpm cfs ft/sec ft ft ft ft
114 0.254 5.17 4.5 0.208 0.416 9.1
114 0.254 11.64 1.7 1.052 2.105 4.9
Notes: 1 Static head is based on 4 ft thru trailer

2 Equiv. length is based on 25 ft of 3" pipe in trailer +

106.72 ft (equiv length in fittings).
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CALCULATION WORKSHEET NO. HL#4

CLIENT: USACE JOB NUMBER: 6304306
SUBJECT: Puchack - Headloss Calculations (HL #4 - Headloss from trailer to injection well)
BY: KT CHECKED BY: DFC DATE: 1/8/2021
SYSTEM HEAD LOSS WORKSHEET
= 0.002083 X L X (100/C)"% X [Q"®5/d*?¢%%]
INPUT: Pipeline Type Rubber Hose CALCULATED: Static Discharge Head 0.0/feet’
Hazen/Williams Coefficient (New) 135 Cross-sectional Area of Pipe| 0.012|SF
Pipeline Diameter 1.5|inches
Equivalent Length of Pipe 594 |feet?
Trailer Discharge Elevation 59.8|feet (elev) (assumed grade elev. @INJ-LA12-121 = 54.78';closest to the trailer)
Injection Well Elevation 42 .3|feet (elev)
Calculated headloss from submersible pump inlet to injection well.
Total
Flow Flow Velocity | Friction Losses Entrance Discharge Head Loss
C= 135 Lo Lo C= 135
gpm cfs ft/sec ft ft ft ft
30 0.067 5.45 53.4 0.230 0.461 54.1
Notes: 1 Static head is based on elevation difference between trailer and injection well when injection well is at a higher elevation than the trailer

discharge elevation

2 Total equiv. length is based on the following:
559 ft of hose to injection well

35 ft of equivalent length of fittings
594 total equivalent length
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CALCULATION WORKSHEET NO. HL#5

January 2021

CLIENT: USACE JOB NUMBER: 6304306
SUBJECT: Puchack - Headloss Calculations (HL#5 - Summary of Headloss)
BY: KT CHECKED BY: DFC DATE: 1/8/2021
Source Headloss Headloss
(ft)
HL#2 From pump to Trailer 125
HL #3  Within Trailer 14 pipe & fittings
HL #1  Appurtenances in Trailer 37 filter, flow meter, mixer
HL #4  From Trailer to injection well 54
HL #1  Flowmeter on Injection line 9 flow meter
239

114
239

Flow Rate (GPM)
Total Head (FT)
EA recommends 230S200-5 Grundfos Pump

Total Sytem requirement
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CALCULATION WORKSHEET NO. HL#1

CLIENT: USACE JOB NUMBER: 6304306
SUBJECT: Puchack - Headloss Calculations (HL#1 - Equivalent Lengths of fittings)

BY: KT CHECKED BY: DFC DATE: 1/8/2021

The headloss (HL) calculations break the system down in three sections:
1 - From the submersible pump to the treatment trailer

2 - The treatment trailer, and

3 - From the treatment trailer to the injection well

These calcs are covered by five worksheets:

HL#1 - This sheet with equivalent lengths of fittings estimated.
HL#2 - From the submersible pump to the treatment trailer
HL#3 - Piping in treatment trailer

HL#4 - From the treatment trailer to the injection well

HL#5 - Summary of losses

The injection series for LB5 was evaluated assuming the extraction rate is 150 gpm at EX-L-10 and injection rate is 30 gpm at INJ-

LB5-152. Injection well INJ-LB5-152 was examined as worst case scenario because it is located the farthest from the trailer.

53 to SHEET HL #2

107 to SHEET HL #3

1- Equivalent Lengths - Fittings From Pump to Trailer Inlet
Description Eq Length Qty Eq. Length
per fitting ft
ft
3" TEE branched 17 1 17
3" elbow 8.1 2 16.2
3" Check Valve (fully open) 20 1 20
2- Equivalent Lengths - Fittings Within Trailer
Description Eq Length Qty Eq. Length
per fitting ft
ft
2-inch elbow 55 2 11
3" X 2" Reducer 5 1 5
3" TEE Straight Thru 5.11 2 10.22
3" Ball Valve (1/4 closed) 10 2 20
3-inch elbow 8.1 5 40.5
3" Check Valve (fully open) 20 1 20
3- Additional Losses Thru Appurtenances (in trailer)
Head Loss Head Loss
Item psi ft
Bag filter-HL to trigger bag change 2 4.62
Flow Meter 1
Mixer 221

58 to SHEET HL #5

2.31 (less than 1 psi full range at 20 ft/s)
51.05 (Refer to mixer headloss curve sheet)
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CALCULATION WORKSHEET NO. HL#1
CLIENT: USACE JOB NUMBER: 6304306
SUBJECT: Puchack - Headloss Calculations (HL#1 - Equivalent Lengths of fittings)
BY: KT CHECKED BY: DFC DATE: 1/8/2021
4- Equivalent Lengths - Fittings on Injection Manifold

Description Eq Length Qty Eq. Length

per fitting ft

1.5-inch elbow 43 3 12.9

3" X 1.5" Reducer 5 1 5

1.5" TEE Straight Thru 3 1 3

1.5" Gate Valve (1/4 closed) 5.5 1 5.5

26 to SHEET HL #4

5- Equivalent Lengths - Fittings on Injection Well

Description Eq Length Qty Eq. Length

per fitting ft
1.5" TEE branched 9 1 9
9 to SHEET HL#4
6 - Additional Losses Thru Appurtenances (on injection line)
Head Loss Head Loss
ltem psi ft
Flow Meter 1 2.31

2.31 to SHEET HL #5
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CALCULATION WORKSHEET NO. HL#2

January 2021

CLIENT:

USACE

JOB NUMBER: 6304306

SUBJECT: Puchack - Headloss Calculations (HL #2 - Path from pump to treatment trailer)

BY: KT CHECKED BY: DFC DATE: 1/8/2021
SYSTEM HEAD LOSS WORKSHEET
=0.002083 X L X (100/C)"®® X [Q"%%/d*%%%]
INPUT: Pipeline Type PVC CALCULATED: Static Discharge Head 105.5|feet’
Hazen/Williams Coefficient 140 Cross-sectional Area of Pipe| 0.049|SF
Pipeline Diameter 3|inches [Lay flat hose is 4 inch, but assumed 3" as a conservative approach]
Total Equivalent Length of Pipe 240|feet?
Lowest DRAWDOWN Elevation -43.6|feet (elev) (difference between top of casing and estimated pumping depth)
Trailer Inlet Elevation 62|feet (elev) (assumed grade elev. @EX-L-10 = 56.93";closest to the trailer)
Calculated headloss from submersible pump inlet to injection well.
Total
Flow Flow Velocity | Friction Losses| Entrance | Discharge Head Loss
C= 140 Losses Losses C= 140
gpm cfs ft/sec ft ft ft ft
150 0.334 6.81 13.6 0.360 0.720 120
Notes: 1 Static discharge head is the difference between the trailer inlet elevation and the lowest drawdown elevation

2 Total equiv. length is based on the following:

169 ft of pipe in well

18 ft of hose from well to trailer

53 ft of equivalent length of fittings
240 total equivalent length







CALCULATION WORKSHEET NO. HL#3

CLIENT: USACE JOB NUMBER: 6304306
SUBJECT: Puchack - Headloss Calculations (HL #3 - Headloss inside trailer)
BY: KT CHECKED BY: DFC DATE: 1/8/2021
SYSTEM HEAD LOSS WORKSHEET
=0.002083 X L X (100/C)"% X [Q"*%/d*%¢°%]
INPUT: Pipeline Type PVC CALCULATED: Static Discharge Head 4.0feet’
Hazen/Williams Coefficient 140 Cross-sectional Area of Pipe 0.049|SF
Pipeline Diameter 3|inches Cross-sectional Area of Pipe 0.022|SF
Equivalent Length of 3 inch Pipe 132|feet?
Pipeline Diameter 2|inches
Length of 2 inch Pipe 7|feet
Trailer Inlet Elevation 61.9|feet (elev) (assumed grade elev. @EX-L-10 = 56.93";closest to the trailer)
High Pipe Elevation in trailer 65.9(feet (elev)
Calculated headloss from submersible pump inlet to injection well.
Total
Flow Flow Velocity | Friction Losses| Entrance | Discharge Head Loss
C= 140 Losses Losses |[C= 140
gpm cfs ft/sec ft ft ft ft
150 0.334 7.5 0.360 0.720 12.5
150 0.334 2.8 1.822 3.644 8.3
Notes: 1 Static head is based on 4 ft thru trailer

2 Equiv. length is based on 25 ft of 3" pipe in trailer+

107 ft (equiv length in fittings).







CALCULATION WORKSHEET NO. HL#4

CLIENT: USACE JOB NUMBER: 6304306
SUBJECT: Puchack - Headloss Calculations (HL #4 - Headloss from trailer to injection well)
BY: KT CHECKED BY: DFC DATE: 1/8/2021
SYSTEM HEAD LOSS WORKSHEET
=0.002083 X L X (100/C)"% X [Q"%/d*8%%%
INPUT: Pipeline Type Rubber Hose CALCULATED: Static Discharge Head 0.0/feet’
Hazen/Williams Coefficient (New) 135 Cross-sectional Area of Pipe| 0.012|SF
Pipeline Diameter 1.5]inches
Equivalent Length of Pipe 1074|feet®
Trailer Discharge Elevation 61.9|feet (elev) (assumed grade elev. @EX-L-10 = 56.93";closest to the trailer)
Injection Well Elevation 22.7|feet (elev)
Calculated headloss from submersible pump inlet to injection well.
Total
Flow Flow Velocity | Friction Losses| Entrance Discharge Head Loss
C= 135 Losses Losses C= 135
gpm cfs ft/sec ft ft ft ft
30 0.067 96.5 0.230 0.461 97
Notes: 1 Static head is based on elevation difference between trailer and injection well when injection well is

at a higher elevation than the trailer discharge elevation

2 Total equiv. length is based on the following:

1039 ft of hose to injection well
35 ft of equivalent length of fittings
1074 total equivalent length







CALCULATION WORKSHEET NO. HL#5

CLIENT: USACE JOB NUMBER: 6304306
SUBJECT: Puchack - Headloss Calculations (HL#5 - Summary of Headloss)
BY: KT CHECKED BY: DFC DATE: 1/8/2021
Source Headloss Headloss
(ft)
HL#2 From pump to Trailer 120
HL #3  Within Trailer 21 pipe & fittings
HL #1  Appurtenances in Trailer 58 filter, flow meter, mixer
HL #4  From Trailer to injection well 97
HL #1  Flowmeter on Injection line 2.3 flow meter
299
Total Sytem requirement Flow Rate (GPM) 150
Total Head (FT) 299

EA recommends 230S200-5 Grundfos Pump
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CALCULATION WORKSHEET NO. HL#1

CLIENT: USACE JOB NUMBER:
SUBJECT: Puchack - Headloss Calculations (HL#1 - Equivalent Lengths of fittings)

BY: KT CHECKED BY: DFC DATE:

6304306

1/8/2021

The headloss (HL) calculations break the system down in three sections:
1 - From the submersible pump to the treatment trailer

2 - The treatment trailer, and

3 - From the treatment trailer to the injection well

These calcs are covered by five worksheets:

HL#1 - This sheet with equivalent lengths of fittings estimated.
HL#2 - From the submersible pump to the treatment trailer
HL#3 - Piping in treatment trailer

HL#4 - From the treatment trailer to the injection well

HL#5 - Summary of losses

The injection series for M2/M3 was evaluated assuming the extraction rate is 60 gpm at EX-M-101 and injection rate is 15
gpm at INJ-M3-137. Injection well INJ-M3-137 was examined as worst case scenario because it is located the farthest from

the trailer.

1- Equivalent Lengths - Fittings To Trailer from EX Well

Description Eq Length Qty Eq. Length

per fitting ft
ft

3" TEE branched 17 1 17

3" Elbow 3.5 2 7

3" Check Valve (fully open) 20 1 20

44 to SHEET HL #2

2- Equivalent Lengths - Fittings Within Trailer

Description Eq Length Qty Eq. Length

per fitting ft
ft

2" Elbow 5.5 2 11

3" X 2" Reducer 5 1 5

3" TEE Straight Thru 5.11 2 10.22

3" Ball Valve (1/4 closed) 10 2 20

3" Elbow 8.1 5 40.5

3" Check Valve (fully open) 20 1 20

107 to SHEET HL #3
3- Additional Losses Thru Appurtenances (in trailer)
Head Loss Head Loss

Iltem psi ft

Bag filter-HL to trigger bag change 2 4.62

Flow Meter 1 2.31 (less than 1 psi full range at 20 ft/s)

Mixer 3.5 8.09 (Refer to mixer headloss curve sheet)

15.02 to SHEET HL #5
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CALCULATION WORKSHEET NO. HL#1
CLIENT: USACE JOB NUMBER: 6304306
SUBJECT: Puchack - Headloss Calculations (HL#1 - Equivalent Lengths of fittings)
BY: KT CHECKED BY: DFC DATE: 1/8/2021
4- Equivalent Lengths - Fittings on Injection Manifold

Description Eq Length Qty Eq. Length

per fitting ft

1.5" Elbow 4.3 3 12.9

3" X 1.5" Reducer 5 1 5

1.5" TEE Straight Thru 3 1 3

1.5" Gate Valve (1/4 closed) 5.5 1 5.5

26 to SHEET HL #4

5- Equivalent Lengths - Fittings on Injection Well

Description Eq Length Qty Eq. Length

per fitting ft
1.5" TEE branched 9 1 9
9 to SHEET HL#4
6 - Additional Losses Thru Appurtenances (on injection line)
Head Loss Head Loss
ltem psi ft
Flow Meter 1 2.31

2.31 to SHEET HL #5
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CALCULATION WORKSHEET NO. HL#2

January 2021

CLIENT: USACE JOB NUMBER: 6304306
SUBJECT: Puchack - Headloss Calculations (HL #2 - Path from pump to treatment trailer)
BY: KT CHECKED BY: DFC DATE: 1/8/2021
SYSTEM HEAD LOSS WORKSHEET
=0.002083 X L X (100/C)"®° X [Q"®%/d*2¢%%]
INPUT: Pipeline Type PVC CALCULATED: Static Discharge Head 447 |feet’
Hazen/Williams Coefficient 140 Cross-sectional Area of Pipe| 0.049|SF
Pipeline Diameter 3|inches [Lay flat hose is 4 inch, but assumed 3" as a conservative approach]
Total Equivalent Length of Pipe 163|feet’
Lowest DRAWDOWN Elevation -8.50(feet (elev) (difference between top of casing and estimated pumping depth)
Trailer Inlet Elevation 36.2|feet (elev) (assumed grade elev. @INJ-M2-121 = 31.21";closest to the trailer)
Calculated headloss from submersible pump inlet to injection well.
Total
Flow Flow Velocity | Friction Losses| Entrance | Discharge Head Loss
C= 140 Losses Losses C= 140
gpm cfs ft/sec ft ft ft ft
60 0.134 2.72 1.7 0.058 0.115 47
Notes: 1 Static discharge head is the difference between the trailer inlet elevation and the lowest drawdown elevation

2 Total equiv. length is based on the following:

42 ft of pipe in well
77 ft of hose from well to trailer

44 ft of equivalent length of fittings

163 total equivalent length
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CALCULATION WORKSHEET NO. HL#3
CLIENT: USACE JOB NUMBER: 6304306
SUBJECT: Puchack - Headloss Calculations (HL #3 - Headloss inside trailer)
BY: KT CHECKED BY: DFC DATE: 1/8/2021
SYSTEM HEAD LOSS WORKSHEET
=0.002083 X L X (100/C)"% X [Q"85/d*%%%)
INPUT: Pipeline Type PVCEALCULATED: Static Discharge Head 4.0|feet’
Hazen/Williams Coefficient 140 Cross-sectional Area of Pipe| 0.049|SF
Pipeline Diameter 3|inches Cross-sectional Area of Pipe| 0.022|SF
Equivalent Length of 3 inch Pipe 132|feet?
Pipeline Diameter 2linches
Length of 2 inch Pipe 7|feet
Trailer Inlet Elevation 36.2|feet (elev (assumed grade elev. @INJ-M2-121 = 31.21";closest to the trailer)
High Pipe Elevation in trailer 40.2|feet (elev)

Calculated headloss from submersible pump inlet to injection well.

Total
Flow Flow Velocity | Friction Losses| Entrance Pischarg{ Head Loss
C= 140 Losses | Losses| C= 140
gpm cfs ft/sec ft ft ft ft
60 0.134 2.72 1.4 0.058| 0.115 5.5
60 0.134 6.13 0.5 0.292 0.583 1.4
Notes: 1 Static head is based on 4 ft thru trailer

2 Equiv. length is based on 25 ft of 3" pipe in trailer + 107

ft (equiv length in fittings).
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CALCULATION WORKSHEET NO. HL#4

CLIENT: USACE JOB NUMBER: 6304306
SUBJECT: Puchack - Headloss Calculations (HL #4 - Headloss from trailer to injection well)
BY: KT CHECKED BY: DFC DATE: 1/8/2021
SYSTEM HEAD LOSS WORKSHEET
= 0.002083 X L X (100/C)"% X [Q"®5/d*?¢%%]
INPUT: Pipeline Type Rubber Hose CALCULATED: Static Discharge Head 0.0/feet’
Hazen/Williams Coefficient (New) 135 Cross-sectional Area of Pipe| 0.012|SF
Pipeline Diameter 1.5|inches
Equivalent Length of Pipe 721|feet?
Trailer Discharge Elevation 36.2|feet (elev) (assumed grade elev. @INJ-M2-121 = 31.21";closest to the trailer)
Injection Well Elevation 28.7|feet (elev)
Calculated headloss from submersible pump inlet to injection well.
Total
Flow Flow Velocity | Friction Losses Entrance Discharge Head Loss
C= 135 Lo Lo C= 135
gpm cfs ft/sec ft ft ft ft
15 0.033 2.72 18.0 0.058 0.115 18.2
Notes: 1 Static head is based on elevation difference between trailer and injection well when injection well is at a higher elevation than the trailer

discharge elevation

2 Total equiv. length is based on the following:
686 ft of hose to injection well

35 ft of equivalent length of fittings
721 total equivalent length
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CALCULATION WORKSHEET NO. HL#5

January 2021

CLIENT: USACE JOB NUMBER: 6304306
SUBJECT: Puchack - Headloss Calculations (HL#5 - Summary of Headloss)
BY: KT CHECKED BY: DFC DATE: 1/8/2021
Source Headloss Headloss
(ft)
HL#2 From pump to Trailer 47
HL #3  Within Trailer 7 pipe & fittings
HL #1  Appurtenances in Trailer 15 filter, flow meter, mixer
HL #4  From Trailer to injection well 18
HL #1  Flowmeter on Injection line 9 flow meter
96
Total Sytem requirement Flow Rate (GPM) 60
Total Head (FT) 96

EA recommends 75S75-12 Grundfos Pump
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RAYM3:102:
RA-M3-101 125 ft to Trailer HEX'M LN b o] 1
-

e

RA-6M F

M3-134 235 ft to Trailer
"

Figure only intended to provide a visual content for the path from extraction well to trailer and injection well







EA Engineering, Science,and Technology, Inc., PBC January 2021

CALCULATION WORKSHEET NO. HL#1

CLIENT: USACE JOB NUMBER:
SUBJECT: Puchack - Headloss Calculations (HL#1 - Equivalent Lengths of fittings)

BY: KT CHECKED BY: DFC DATE:

6304306

1/8/2021

The headloss (HL) calculations break the system down in three sections:
1 - From the submersible pump to the treatment trailer

2 - The treatment trailer, and

3 - From the treatment trailer to the injection well

These calcs are covered by five worksheets:

HL#1 - This sheet with equivalent lengths of fittings estimated.
HL#2 - From the submersible pump to the treatment trailer
HL#3 - Piping in treatment trailer

HL#4 - From the treatment trailer to the injection well

HL#5 - Summary of losses

The injection series for M3 was evaluated assuming the extraction rate is 90 gpm at EX-M-103 and injection rate is 15 gpm
at INJ-M3-134. Injection well INJ-M3-134 was examined as worst case scenario because it is located the farthest from the

trailer.

1- Equivalent Lengths - Fittings To Trailer from EX Well

Description Eq Length Qty Eq. Length

per fitting ft
ft

3" TEE branched 17 1 17

3" Elbow 8.1 2 16.2

3" Check Valve (fully open) 20 1 20

53 to SHEET HL #2

2- Equivalent Lengths - Fittings Within Trailer

Description Eq Length Qty Eq. Length

per fitting ft
ft

2" Elbow 5.5 2 11

3" X 2" Reducer 5 1 5

3" TEE Straight Thru 5.11 2 10.22

3" Ball Valve (1/4 closed) 10 2 20

3" Elbow 8.1 5 40.5

3" Check Valve (fully open) 20 1 20

107 to SHEET HL #3
3- Additional Losses Thru Appurtenances (in trailer)
Head Loss Head Loss

Iltem psi ft

Bag filter-HL to trigger bag change 2 4.62

Flow Meter 1 2.31 (less than 1 psi full range at 20 ft/s)

Mixer 8 18.48 (Refer to mixer headloss curve sheet)

25.41 to SHEET HL #5
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CALCULATION WORKSHEET NO. HL#1

January 2021

CLIENT: USACE JOB NUMBER: 6304306
SUBJECT: Puchack - Headloss Calculations (HL#1 - Equivalent Lengths of fittings)
BY: KT CHECKED BY: DFC DATE: 1/8/2021
4- Equivalent Lengths - Fittings on Injection Manifold

Description Eq Length Qty Eq. Length

per fitting ft

1.5" Elbow 4.3 3 12.9

3" X 1.5" Reducer 5 1 5

1.5" TEE Straight Thru 3 1 3

1.5" Gate Valve (1/4 closed) 5.5 1 5.5

26 to SHEET HL #4

5- Equivalent Lengths - Fittings on Injection Well

Description Eq Length Qty Eq. Length

per fitting ft
1.5" TEE branched 9 1 9
9 to SHEET HL#4
6 - Additional Losses Thru Appurtenances (on injection line)
Head Loss Head Loss
ltem psi ft
Flow Meter 1 2.31

2.31 to SHEET HL #5
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CALCULATION WORKSHEET NO. HL#2
CLIENT:  USACE JOB NUMBER: 6304306

SUBJECT: Puchack - Headloss Calculations (HL #2 - Path from pump to treatment trailer)

BY: KT CHECKED BY: DFC DATE: 1/8/2021

SYSTEM HEAD LOSS WORKSHEET

=0.002083 X L X (100/C)"® X [Q"*%/d*555%]

INPUT: Pipeline Type PVC CALCULATED: Static Discharge Head 38.5|feet’
Hazen/Williams Coefficient 140 Cross-sectional Area of Pipe| 0.049|SF
Pipeline Diameter 3linches [Lay flat hose is 4 inch, but assumed 3" as a conservative approach]
Total Equivalent Length of Pipe 420 |feet?
Lowest DRAWDOWN Elevation -3.38|feet (elev) (difference between top of casing and estimated pumping depth)
Trailer Inlet Elevation 35.2|feet (elev) (assumed grade elev. @INJ-M3-131 = 30.16";closest to the trailer)

Calculated headloss from submersible pump inlet to injection well.

Total
Flow Flow Velocity [ Friction Losses | Entrance | Discharge Head Loss
C= 140 Losses Losses C= 140
gpm cfs ft/sec ft ft ft ft
90 0.201 4.08 9.2 0.130 0.259 48
Notes: 1 Static discharge head is the difference between the trailer inlet elevation and the lowest drawdown elevation

2 Total equiv. length is based on the following:

49 ft of pipe in well
318 ft of hose from well to trailer

53 ft of equivalent length of fittings
420 total equivalent length
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CALCULATION WORKSHEET NO. HL#3

January 2021

CLIENT:  USACE JOB NUMBER: 6304306
SUBJECT: Puchack - Headloss Calculations (HL #3 - Headloss inside trailer)
BY: KT CHECKED BY: DFC DATE: 1/8/2021
SYSTEM HEAD LOSS WORKSHEET
=0.002083 X L X (100/C)"% X [Q"#%/d*#5%)
INPUT: Pipeline Type PVC CALCULATED: Static Discharge Head 4.0|feet’
Hazen/Williams Coefficient 140 Cross-sectional Area of Pipe| 0.049|SF
Pipeline Diameter 3|inches Cross-sectional Area of Pipe| 0.022(SF
Equivalent Length of 3 inch Pipe 132|feet®
Pipeline Diameter 2|inches
Length of 2 inch Pipe 7 |feet
Trailer Inlet Elevation 35.2(feet (elev) (assumed grade elev. @INJ-M3-131 = 30.16";closest to the trailer)
High Pipe Elevation in trailer 39.2(feet (elev)
Calculated headloss from submersible pump inlet to injection well.
Total
Flow Flow Velocity | Friction Losses| Entrance | Discharge Head Loss
C= 140 Losses Losses C= 140
gpm cfs ftisec ft ft ft ft
90 0.201 4.08 2.9 0.130 0.259 7.3
90 0.201 9.19 1.1 0.656 1.312 3.1
Notes: 1 Static head is based on 4 ft thru trailer

2 Equiv. length is based on 25 ft of 3" pipe in trailer +

106.72 ft (equiv length in fittings).
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CALCULATION WORKSHEET NO. HL#4

CLIENT: USACE JOB NUMBER: 6304306
SUBJECT: Puchack - Headloss Calculations (HL #4 - Headloss from trailer to injection well)
BY: KT CHECKED BY: DFC DATE: 1/8/2021
SYSTEM HEAD LOSS WORKSHEET
= 0.002083 X L X (100/C)"% X [Q"®5/d*?¢%%]
INPUT: Pipeline Type Rubber Hose CALCULATED: Static Discharge Head 1.2|feet’
Hazen/Williams Coefficient (New) 135 Cross-sectional Area of Pipe| 0.012|SF
Pipeline Diameter 1.5|inches
Equivalent Length of Pipe 270|feet?
Trailer Discharge Elevation 35.2|feet (elev) (assumed grade elev. @INJ-M3-131 = 30.16';closest to the trailer)
Injection Well Elevation 36.4|feet (elev)
Calculated headloss from submersible pump inlet to injection well.
Total
Flow Flow Velocity | Friction Losses Entrance Discharge Head Loss
C= 135 Lo Lo C= 135
gpm cfs ft/sec ft ft ft ft
15 0.033 2.72 6.7 0.058 0.115 8.1
Notes: 1 Static head is based on elevation difference between trailer and injection well when injection well is at a higher elevation than the trailer

discharge elevation

2 Total equiv. length is based on the following:
235 ft of hose to injection well

35 ft of equivalent length of fittings
270 total equivalent length







EA Engineering, Science,and Technology, Inc., PBC

CALCULATION WORKSHEET NO. HL#5

January 2021

CLIENT: USACE JOB NUMBER: 6304306
SUBJECT: Puchack - Headloss Calculations (HL#5 - Summary of Headloss)
BY: KT CHECKED BY: DFC DATE: 1/8/2021
Source Headloss Headloss
(ft)
HL#2 From pump to Trailer 48
HL #3  Within Trailer 10 pipe & fittings
HL #1  Appurtenances in Trailer 25 filter, flow meter, mixer
HL #4  From Trailer to injection well 8
HL #1  Flowmeter on Injection line 9 flow meter
101
Total Sytem requirement Flow Rate (GPM) 90
Total Head (FT) 101

EA recommends 75S75-12 Grundfos Pump
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Well ID Yield Test Flow |Design Flow Yield Test Depth to Static |Yield Test |Specific Estimated |Safety Injection Series
rate (GPM) Rate (GPM) Pumping depth |Water (ft bgs) |Drawdown |Capacity Drawdown |Factor D

(ft bgs) (ft) (gpm/ft) (fH) (15%)
EX-LA-101 70 90 145 60.85 84.15 0.8 108 124 LA4
EX-LA-102 88 90 131 58.35 72.65 1.2 74 85 LA4
EX-LA-103 116 108 130 55.4 74.6 1.6 69 80
EX-LA-104 90 90 54 41.96 12.04 7.5 12 14 LA3,LAS
EX-LB-101 104 120 199 59.92 139.08 0.7 160 185 LB1
EX-LB-101 104 90 199 59.92 139.08 0.7 120 138 LB2
EX-LB-102 109 90 69 57.37 11.63 9.4 10 11
EX-LB-103 145 114 94 57.57 36.43 4.0 29 33 LB4,LA10.LA11
EX-M-101 93 60 41 33.29 7.71 12.1 5 6 M2,M3
EX-M-102 Not Installed
EX-M-103 90 90 37 34.65 2.35 38.3 2 3 M3
EX-L-10 150 150 100 60.21 39.79 3.8 40 46 LB5
EX-L-6 67 108 77 60.25 16.75 4.0 27 31 LA6
EX-L-8 81 84 84.5 59.55 24.95 3.2 26 30 LA9
Note:

bgs = below ground surface
gpm = gallons per minute

Specific Capacity = Yield Test Pumping Rate / Yield Test Drawdown

Estimated Drawdown = Design Flow Rate / Specific Capacity
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EBNGINEERS

Related Resources: fluid flow
Hazen-Williams Coefficients Table

Fluids Flow i ing | lic & fic Design i il

Hazen-Williams Coefficients Table

The H. illi tion has the

ge that the cosfficient C is not a function of the Reynolds number , but it has the
disadvantage that it is only valid for water . Also, it does not account for the temperature or viscosity of the water.

The following are Typical € factors used in the Hazen-Williams equation. which take into account some increase in roughness as pipe
ages are as follows:

Material Hazen-Wi
ABS - Acrylonite Butadiens Styrene 130
Aluminum 130 - 150
Asbestos Cement 140
Asphalt Lining 130 - 140
Brass 130 - 140
Brick sewer 100
Cast-Iron - new uniined 130
Cast-Iron 10 years old 107 - 113
Cast-iron 20 years old 20 - 100
(Cast-Iron 30 years old 75 - 90
Cast-Iron 40 years old 64-83
Cast-Iron, asphalt coated 100
Cast-Iron, cement lined 140
Cast-Iron, bituminous lined 140
Cast-Iron, sea-coated 120
(Cast-Iron. wrought plain 100
(Cement lining 140
Concrete 120
Concrete lined. steel forms 140
Concrete lined, wooden forms 120
Concrete. old 100 - 110
Copper 130 - 140
Corrugated Metal Pipe 60
Ductile Iron Pipe (DIP) 140
Ductile Iron, cement lined 120
Fiber 140
Fiber Glass Pipe - FRP 150
Fire Hose (Rubber Lined) 135

i i comifiuid_ : table_13220hm

13
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|Galvanized iron 120
(Glass 130

Lead 130 - 140
IMetal Pipes - Very to extremely smoath  |130 - 140
Plastic 130 - 150
Polyethylens 140
Polyvinyl chloride, PVC, CPVC 140
Rusted Steel 140

|Steel Coal-Tar Enamel Lined 145 - 150
|Steel Forms 140

|Steel new unlined 140 - 150
|Steel, corrugated 50

[Steel, welded and seamless 100
|Steel, interior rivetad s0-110
[Steel, interior riveted, no projecting rivets (110
|Steel, projecting girth and horizontal rivets 100
|Steel vitrified. spiral-riveted 90 - 110
|Steel, welded and seamiess 100

Tin 130
Vitrified Clay 110
Wrought iren, plain 100
Wood (well planed) 130
'Wooden or Masonry Pipe - Smooth 120

Related Resources:
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ENGINEERING MANUAL

FRICTION LOSSES THROUGH PIPE FITTINGS

FRICTION LOSSES THROUGH PIPE FITTINGS IN TERMS OF EQUIVALENT LENGTHS OF STANDARD PIPE

= a
_— - —
S PN =P
I
+ e
MEDIUM LOMNG GATE GLOBE ANGLE
[SMALI Dia)| - ELBOW " | RADIUS | RADIUS |45°ELBOW| TEE RETURN | vaALvE VALVE VALVE
ELBOW ELBOW OPEN OPEN OPEM
LENGTH OF STRAIGHT PIPE GNWING EQUIWALENT RESISTANCE FLOW
12" 1.5 L& 1.1 77 3.4 38 A5 14 B.4
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" 2.7 23 1.7 1.3 58 &l & 27 15
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£ 14, 14. . 7.7 33 a7 15 140 83
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38 QL. 79. &0, 43, 200 220. 20. 1000 500.
427 120. 95. 72, 50. 240 240. 23. 1200 A00.
4B~ 135. 110. 82 58 275 300. 26, 1400 A80.
From "Engineering Data on Flow of Fluids In Pipes.” - Crane Co.
PIPE FRICTION FOR OFFSET JET PUMPS
Friction Loss in Feet Per 100 Feet offset
Jet sze SUCTION AND PRESSURE PIPE SIZES [In Inches)

H. P ¥xl 1x1 Tl [ 19 1V [ TV 1% | 1¥ex 1% | 1¥ax2 2x2 2x2V: | PEx ¥ | 2¥ax 3 Ix3
7 77 18 7 5 3 7 — = — = — =
v 12 8 A i — — — — — —
Vs 18 12 a L 3 2 - -- -- -
7a 22 16 11 & & - -— -- -
1 5 14 9 & - -- -- -

1% 13 8 5 3 - -
2 Operations Below Line 20 13 7 5 -- -
] Mot Recommended 13 ] & &

NOTE: Friction loss is to be added to vertical Lift.
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RESISTANCE OF VALVES AND FITTINGS TO FLOW OF FLUIDS

A simple way to account for the resistance offered to flow by
valves and fittings is to add to the length of pipe in the line
a length which will give a pressure drop equal to that which

L)
occurs in the vabves and fittings in the line.
Example: The dotted line shows that the resistance of 2
&-inch Standard Elbow is equivalent to approximately 14 feet
of &-inch Standard Steel Pipe.
Globe Valve, open ‘.""'—-.._“ Gate Valve L 3000 Mote: For sudden enlargements or sudden
3 34 Closed 3 contractions, use the smaller diameter on
103 Closad = 2000 the nominal pipe size scale.
—E 1/4 Closed I -
Fully open :mau
- P o
. w—1
Angle Valve, open Standard Tee = 36—t
30—
24—t
I 22—
N 20 —= 20
K TH —
|-
Swing Checl-c"ural\.re,/ -
Fully open R
12—
@ —
I ] D
Close Return Bend 3
— - T o=
o L
21/ | N
o U —
Standard Tee 1 = £ —
Through Side outlet 4 =
L.
B B
_ 11 * Ordinary Entrance o = a i
i - s 5
Standard Elbow or run of _"E,. = -
Tee reduced 1/2 #‘ = 2 -E
= A E
Sudden Contraction =1 [= = mn g
@_ — /D174 = £ p
dfD-1/2 - 5: M=% 3
Medium Sweep Elbow or d/D-3/4 :D i ke =
run of Tee reduced 1/4 = 1T— 1
5 3
L 02 L
e /15" Elbow =
I et
Long ep Elbow or — - 0.1 -
run of Standard Tee L 0.5

Copyright by Crane Co.  Reprinted by Permission of Crane Company
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PERFORMAMNCE CURVES

75 GPM

MODEL 755

FLOW RAMGE: 45 - 95 GPM
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6" and larger wells - continued
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Model 230S 230 GPM Performance Curves

FLOW RANGE: 160 -320 GPM

OUTLET SIZE: 3" NPT

NOMINAL DIA. 8"

1500

L2308 750-22 (75 HP)
1400 =

~ -
[Z305750-20 (75 AP
1300 P50 =
| [2305600-19 (60 HPY

-

| [Z305600-18 (60 ALY
Sa .
[230S600-17 (60 HPY]

1200

100 F

1000 | rss001s 50 EPT

900 == ™

-

. [2305400-13 (40 HPF|_

800

- |230540032 (40 HPY]

700 = ~
- [2305400-10 (40 HPY

HEAD (FEET)

3450
3525

TIEE BELOW 150 G

SEE MCDEL 1353

OPERATING RANGE: 160 to 320 GPM
CAFRCT Fil

RPM

50

70

&0

30

EFFICIENCY (%)

600 | /(73053000 (S0HP] = _
00 ' ey - T -
400 | Zoosmosmone) — = = o L

| 23052005 20 HP)] |~ = < L
300 i

| [230ST504 (15 HP) - L
200 |- [ZSUSTWUITORPY = = 7= =

| FBTEZTE P ‘"“\
100 B S e B e

T ———

0

0 a0 100 150 200 250 300

CAPACITY (GPM)

SPECIFICATIONS SUBJECT TO CHANGE WITHOUT NOTICE.

4" MOTOR STANDARD, 7.5 HP/3450 RPM

6" MOTOR STAMDARD, 7.5-40 HP/3450 RPM.
B° MOTOR STANDARD, 50-75 HP/2525 RPM.
* Alternate mobor sizes available.

Performance conforms to 50 2545 Annex B
(& B T min. submergence.
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‘RAYM37102
RA-M32-101 125 ft to Trailer HEX'M SIS TEEr
-

s - e d 'RAZ6M) ‘g

M3-134 235 ft to Trailer
B

Figure only intended to provide a visual content for the path from extraction well to trailer and injection well
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CALCULATION WORKSHEET NO. HL#1
CLIENT: USACE JOB NUMBER: 6304306
SUBJECT: Puchack - Headloss Calculations (HL#1 - Equivalent Lengths of fittings)
BY: KT CHECKED BY: DFC 3/17/2021
The headloss (HL) calculations break the system down in three sections:
1 - From the submersible pump to the treatment trailer #1-4
2 - The treatment trailer, and
3 - From the treatment trailer to the injection well
These calcs are covered by five worksheets:
HL#1 - This sheet with equivalent lengths of fittings estimated.
HL#2 - From the submersible pump to the treatment trailer
HL#3 - Piping in treatment trailer
HL#4 - From the treatment trailer to the injection well
HL#5 - Summary of losses
The injection series for M3 was evaluated assuming the extraction rate is 90 gpm at EX-M-103 and injection rate is 15 gpm
at INJ-M3-134. Injection well INJ-M3-134 was examined as worst case scenario because it is located the farthest from the
trailer.
1- Equivalent Lengths - Fittings To Trailer (#1-4) from EX Well
Description Eq Length Qty Eq. Length
per fitting ft
ft
2" TEE branched 11 1 11
2" Elbow 5.5 2 11
22 to SHEET HL #2
2- Equivalent Lengths - Fittings Within Trailer (#1-4)
Description Eq Length Qty Eq. Length
per fitting ft
ft
2" Elbow 5.5 2 11
3" X 2" Reducer 1.5 1 1.5
3" TEE Straight Thru 5.11 2 10.22
3" Gate Valve (1/4 closed) 10 2 20
3" Elbow 8.1 5 40.5
3" Check Valve (fully open) 20 1 20
103 to SHEET HL #3
3- Additional Losses Thru Appurtenances (in trailer)
Head Loss Head Loss
ltem psi ft
Bag filter-HL to trigger bag change 2 4.62
Flow Meter 1 2.31 (less than 1 psi full range at 20 ft/s)
Mixer 8.1 18.71 (Refer to mixer headloss curve sheet)

25.64 to SHEET HL #5
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CALCULATION WORKSHEET NO. HL#1
CLIENT: USACE JOB NUMBER: 6304306
SUBJECT: Puchack - Headloss Calculations (HL#1 - Equivalent Lengths of fittings)
BY: KT CHECKED BY: DFC DATE: 3/17/2021
4- Equivalent Lengths - Fittings on Injection Manifold

Description Eq Length Qty Eq. Length

per fitting ft

3" X 1.25" Reduction 1.5 1 1.5

1.25" TEE Straight Thru 2.3 2 4.6

1.25" Elbow 3.7 3 1.1

1.25" Gate Valve (1/4 closed) 4.9 1 4.9

22 to SHEET HL #4

5- Equivalent Lengths - Fittings on Injection Well

Description Eq Length Qty Eq. Length

per fitting ft
1.5"x2" Reducer 0.9 2 1.8
2" TEE branched 11 1 11
12.8 to SHEET HL#4

6 - Additional Losses Thru Appurtenances (on injection line)

Iltem

Flow Meter

Head Loss
psi

Head Loss
ft

2.31

2.31 to SHEET HL #5
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CALCULATION WORKSHEET NO. HL#2
CLIENT: USACE JOB NUMBER: 6304306

SUBJECT: Puchack - Headloss Calculations (HL #2 - Path from pump to treatment trailer)

BY: KT CHECKED BY: DFC DATE: 3/17/2021

SYSTEM HEAD LOSS WORKSHEET

=0.002083 X L X (100/C)"% X [Q"55/d*2¢%%]

INPUT: Pipeline Type PVC CALCULATED: Static Discharge Head' 38.5|feet
Hazen/Williams Coefficient (PVC) 140 Cross-sectional Area of Pipe| 0.022|SF
Pipeline Diameter 2|inches
Total Equivalent Length of Pipe? 389|feet
Lowest DRAWDOWN Elevation -3.38|feet (elev) (difference between top of casing and estimated pumping depth)
Trailer Inlet Elevation 35.2|feet (elev) (assumed grade elev. @INJ-M3-131 = 30.16';closest to the trailer and tailer inlet

is 5 ft off the ground)

Calculated headloss from submersible pump inlet to trailer.

Total
Flow Flow Velocity | Friction Losses | Entrance | Discharge Head Loss
C= 140 Losses Losses C= 140
gpm cfs ft/sec ft ft ft ft
90 0.201 9.19 61.5 0.656 1.312 102
Notes: 1 Static discharge head is the difference between the trailer inlet elevation and the lowest drawdown elevation

2 Total equiv. length is based on the following:
49 ft of pipe in well
318 ft of hose from well to trailer
22 ft of equivalent length of fittings
389 total equivalent length
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CALCULATION WORKSHEET NO. HL#3
CLIENT:  USACE JOB NUMBER: 6304306

SUBJECT: Puchack - Headloss Calculations (HL #3 - Headloss inside trailer)

BY: KT CHECKED BY: DFC DATE: 3/17/2021

SYSTEM HEAD LOSS WORKSHEET

= 0.002083 X L X (100/C)"% X [Q"3%/d*8%%]

INPUT: Pipeline Type PVC CALCULATED: Static Discharge Head' 4.0|feet
Hazen/Williams Coefficient - PVC 140 Cross-sectional Area of Pipe| 0.049|SF
Pipeline Diameter 3|inches Cross-sectional Area of Pipe| 0.022|SF
Equivalent Length of 3 inch Pipe? 128|feet
Pipeline Diameter 2|inches
Length of 2 inch Pipe 7|feet
Trailer Inlet Elevation 35.2|feet (elev) (assumed grade elev. @INJ-M3-131 = 30.16";closest to the trailer
High Pipe Elevation in trailer 39.2|feet (elev) and trailer inlet is 5 ft off the ground)

Calculated headloss inside trailer.

Total
Flow Flow Velocity | Friction Losses| Entrance |Discharge Head Loss
C= 140 Losses Losses C= 140
gpm cfs ft/sec ft ft ft ft
90 0.201 4.08 2.8 0.130 0.259 7.2
90 0.201 9.19 1.1 0.656 1.312 3.1

Notes: 1 Static head is based on 4 ft thru trailer
2 Equiv. length is based on 25 ft of 3" pipe in trailer + 103.22 ft (equiv length in fittings).
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CALCULATION WORKSHEET NO. HL#4

March 2021

CLIENT: USACE JOB NUMBER: 6304306
SUBJECT: Puchack - Headloss Calculations (HL #4 - Headloss from trailer to injection well)
BY: KT CHECKED BY: DFC DATE: 3/17/2021
SYSTEM HEAD LOSS WORKSHEET
=0.002083 X L X (100/C)"% X [Q"**/d**%%]
INPUT: Pipeline Type Rubber Hose CALCULATED: Static Discharge Head' 1.2|feet
Hazen/Williams Coefficient- Rubber Hose 135 Cross-sectional Area of Pipe| 0.012|SF
Pipeline Diameter 1.5|inches Cross-sectional Area of Pipe| 0.009|SF
Equivalent Length of 1.5 inch Pipe? 248
Pipeline Type PVC
Hazen/Williams Coefficient - PVC 140
Pipeline Diameter 1.25(|inches
Equivalent Length of 1.25 inch Pipe® 30
Trailer Discharge Elevation 35.2|feet (elev) (assumed grade elev. @INJ-M3-131 = 30.16";closest to the trailer
Injection Well Elevation 36.4|feet (elev) and trailer inlet is 5 ft off the ground)
Calculated headloss from ftrailer to injection well.
Total
Flow Flow Velocity | Friction Losses| Entrance Discharge Head Loss (ft)
C= 135 Losses Losses C= 135
gpm cfs ft/sec ft ft ft C= 140
15 0.033 2.72 6.2 0.058 0.115 7.6
15 0.033 2.72 1.7 0.058 0.115 1.9
Notes: 1 Static head is based on elevation difference between trailer and injection well when injection well is at a higher elevation than the trailer

discharge elevation

2 Total equiv. length is based on the following:

3 Total equiv. length is based on the following:

235 ft of hose to injection well
13 ft of equivalent length of fittings
248 total equivalent length

8 ft of pipe on the injection manifold
22 ft of equivalent length of fittings
30 total equivalent length
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CALCULATION WORKSHEET NO. HL#5

March 2021

CLIENT: USACE JOB NUMBER: 6304306
SUBJECT: Puchack - Headloss Calculations (HL#5 - Summary of Headloss)
BY: KT CHECKED BY: DFC DATE: 3/17/2021
Source Headloss Headloss
(ft)
HL#2 From pump to Trailer 102
HL #3  Within Trailer 10 pipe & fittings
HL #1  Appurtenances in Trailer 26 filter, flow meter, mixer
HL #4  From Trailer to injection well 9
HL #1  Flowmeter on Injection line 2 flow meter
Backpressure on injection well (20 psi) 46
196
Safety Factor (15%) 29
Total 225
Total Sytem requirement Flow Rate (GPM) 90

Total Head (FT) 225







PERFORMANCE CURVES

75 GPM

MODEL 755

FLOW RANGE: 45 - 95 GPM

OUTLET SIZE: 2" NPT
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System analysis
concluded 196 ft
of head at 90
GPM without 15%
safety factor and
225 ft of head
with safety factor.
The highlighted
75375-12 pump is
capable of
achieving the
system
requirements
without the safety
factor. The VFD
will be used to
operate pump at
90 GPM and 200
FT of head.
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Well ID Yield Test Flow |Design Flow Yield Test Depth to Static |Yield Test |Specific Estimated |Estimated Injection Series ID
rate (GPM) Rate (GPM) Pumping depth |Water (ft bgs) |Drawdown |Capacity Drawdown |Drawdown
(ft bgs) (ft) (gpm/ft) (ft) with 15%
Safety
Factor (ft)
EX-LA-101 70 90 145 60.85 84.15 0.8 108 124 LA4
EX-LA-102 38 90 131 58.35 72.65 1.2 74 85 LA4
EX-LA-103 116 108 130 55.4 74.6 1.6 69 80
EX-LA-104 90 90 54 41.96 12.04 7.5 12 14 LA3,LA8
EX-LB-101 104 120 199 59.92 139.08 0.7 160 185 LBI1
EX-LB-101 104 90 199 59.92 139.08 0.7 120 138 LB2
EX-LB-102 109 90 69 57.37 11.63 9.4 10 11
EX-LB-103 145 114 94 57.57 36.43 4.0 29 33 LB4,LA10.LA11
EX-LB-103 145 90 94 57.57 36.43 4.0 23 26 LAI2
EX-M-101 93 60 41 33.29 7.71 12.1 5 6 M2,M3
EX-M-102 Not Installed
EX-M-103 90 90 37 34.65 2.35 38.3 2 3 M3
EX-L-10 150 150 100 60.21 39.79 3.8 40 46 LBS
EX-L-6 67 108 77 60.25 16.75 4.0 27 31 LA6
EX-L-8 81 84 84.5 59.55 24.95 32 26 30 LA9
Note:

bgs = below ground surface
gpm = gallons per minute

Specific Capacity = Yield Test Pumping Rate / Yield Test Drawdown

Estimated Drawdown = Design Flow Rate / Specific Capacity
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Pressure Drop {peig)
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Min Flow
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Pressure Loss Curve
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Related Resources: fluid flow

Hazen-Williams Coefficients Table

Fluids Flow Engineering | ic & ic: Design Engineeri

Hazen-Williams Coefficients Table
The H illi tion has the ge that the cosfficient C is not a function of the Reynolds number, but it has the
disadvantage that it is only valid for water . Also, it does not account for the temperature or viscosity of the water.
The following are Typical C factors used in the Hazen—-Williams equation. which take into account some increase in roughness as pipe
ages are as follows:

Material Hazen-W

ABS - Acrylonite Butadiens Styrens 130

Aluminum 130 - 150

Asbestos Cement 140

Asphalt Lining 130 - 140

Brass 130 - 140

Brick sewer 100

Cast-Iron - new unlined 130

Cast-Iron 10 years old 107 - 113

Cast-Iron 20 years old 20 - 100

Cast-Iron 30 years old 75 - 90

Cast-Iron 40 years old 64-83

Cast-Iron, asphalt coated 100

Cast-Iron, cement lined 140

Cast-Iron, bituminous lined 140

Cast-Iron, sea-coated 120

Cast-Iron, wrought plain 100

Cement lining 140

Concrete 120

Concrete lined. steel forms 140

Concrete lined, wooden forms 120

Concrete. old 100 - 110

Copper 130 - 140

Corrugated Metal Pipe 60

Ductile Iron Pipe (DIP) 140

Ductile Iron, cement lined 120

Fiber 140

Fiber Glass Pipe - FRP 150

Fire Hose (Rubber Lined) 135

i i comfiu . table 13220.him

13

March 2021







EA Engineering, Science,and Technology, Inc., PBC

(Galvanized iron 120
Glass 130

Lead 130 - 140
Metal Pipes - Very to extremely smooth 1130 - 140
Plastic 130 - 150
Polyethylene 140
Polyvinyl chloride, PVC, CPVC 140
Rusted Steel 140

Steel Coal-Tar Enamel Lined 145 - 150
Steel Forms 140

Steel new unlined 140 - 150
Steel, corrugated 60

Steel, welded and seamless 100
Steel, interior riveted 90-110
Steel. interior riveted, no projecting rivets |110
Steel, projecting girth and horizontal rivets| 100
Steel. vitrified, spiral-riveted 50 - 110
Steel, welded and seamiless 100

Tin 130
Vitrified Clay 110
'Wrought iron, plain 100
Wood (well planed) 130
'Wooden or Masonry Pipe - Smooth 120

Related Resources:

Date/Time: 11.12.2020 13:47
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ENGINEERING MANUAL

FRICTION LOSSES THROUGH PIPE FITTINGS

FRICTION LOS5ES THROUGH PIPE FITTINGS IN TERMS OF EQUIVALENT LENGTHS OF STANDARD PIPE

= a
— - —
ST PN ==
i
+ e
MEDIUM LOMNG GATE GLOBE ANGLE
[SMALL DIa| ~ELBOW" | RADIUS | RADIUS |45°ELBOW| TEE RETURN | vaALVE VALVE VALVE
ELBOW ELBOW OPEN OPEN OPEM
LENGTH OF STRAIGHT PIPE GWING EQUNWALENT RESISTANCE FLOW
12" 1.5 L& 1.1 T7 3.4 38 35 14 B4
e 2.2 .8 1.4 1.0 45 50 AT 27 12
" 2.7 z23 1.7 1.3 58 &l & 27 15
1-1/&" 3.7 3.0 2.4 1.6 7.8 85 a ar 18
1-1/2" 4.3 1é 28 20 9.0 10. 95 L& 22
2" 55 4.6 a5 25 1l | 13. 1.2 57 28
2T £5 5.4 4.2 3.0 14. 15. L& 1] 33
3" 8.1 &8 51 ER:] 17 | 18. L7 a5 42
3152 9.5 2.0 5.0 A4 19. 1. 2 o9 50.
47 Il 9. 7.0 5.0 22 24, 23 110 58.
4-1127 12. 10. 7.9 5.6 24 27 2.6 130 61.
5 14. 12 B.9 &l 27. 3. 9 140 70.
£ 14, 14. I 7.7 3. 37 15 140 83
a” 21. 18. 14, 10. 43, 49, 45 220 110.
10" 24, 22 17. 13. 5&. &1 5.7 290 140.
127 32 26, 20. 15. &b, 73. &7 340 170.
147 36, 3l 23 17. Th. 85, 8. 390 190.
167 42. 35, 27. 19. a7. 100. 9. 430 220.
187 (1% 40. 30. 21. 100. 110. 10.2 500 250,
20 52. 43 34, 23. 110. 120. 12. 540 280.
vy 58. 0. 7. 25. 130. 140. 13. 510 310.
24" £3. 53 40, 28. 140. 150. 14. 420 340,
a0 79. &8 50. 35, 165, 190 17. B&0 420.
38 Q4. 79. &0, 43, 200 220. 20. 1000 500.
427 120. 95. T2 50. 240 240. 23. 1200 &00.
4B~ 135. 110. 82 58 275 300. 25, 1400 £80.
From "Engineering Data on Flow of Fluids In Pipes.” - Crane Co.
PIPE FRICTION FOR OFFSET JET PUMPS
Friction Loss in Feet Per 100 Feet offset
Jet sze SUCTION AND PRESSURE PIPE SIZES [In Inches)

H. P ¥xl 1x1 Tl | T 1V [ Thae 195 | T¥ex 1% | 1¥ax2 2x2 2xd¥: | Phx ¥ | 2ex3 Ix3
7 77 18 7 5 3 7 — = — — — =
A 12 8 5 i — — — = — —
¥s 18 12 a L 3 2 - -- -- -
7a 22 16 11 & & - -- -- -
1 25 14 9 & - -- -- -

1% 13 a 5 3 - -
2 Operations Below Line 20 13 7 5 -- -
] Mot Recommended 13 [F] & &
NOTE: Friction loss is to be added to vertical Lift.
2
0.1

0.8

March 2021







EA Engineering, Science,and Technology, Inc., PBC March 2021

| ewomesRveMaNuAL |
RESISTANCE OF VALVES AND FITTINGS TO FLOW OF FLUIDS

A simple way to account for the resistance offered to flow by
valves and fittings is to add to the length of pipe in the line
a length which will give a pressure drop equal to that which
occurs in the valves and fittings in the line.

Example: The dotted line shows that the resistance of a
&-inch Standard Elbow is equivalent o approximately 14 feet

i

a o of b-inch Standard Steel Pipe.
Globe Valbve. open Gate Vabe L 3000 MNote: For sudden enlargements or sudden
—) 3f4 Closed L contractions, use the smaller diameter on
103 Cloead - 2000 the nominal pipe size scale.
1/4 Closed o
Fully open | 1000
= A =0
500 A e
Angle Yalve, open Standard Tee = 36—
IF. 300 30 ——4=130
L 200 e
I’/Square Elbow i 20— 20
Swing Check Valve,
Fully open
=10
Cluse Return Bend 5
=5
Standard Tee :
Through Side outlet
B inary Entrance - 3 _E
U i 2 T
Standard Elbow or run of T
Tee reduced 1/2 1|| - P o9 =
Saddon Contracbon .E
@ \—aro-17s = B = -
dfD-1/2 - 2 E: W 3
Medium Sweep Elbow or d/D-3/4 :D'E a b =
run of Tee reduced 1/4 = T— 1
= 0.2 o
Q L 02 e
b }5” Ellbow L
L TR
Long ep Elbow or e L. 0.1 s
run of Standard Tee - 0.5

Copyright by Crane Co.  Reprinted by Permission of Crane Company
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PERFORMAMNCE CURWVES

75 GPM

MODEL 755

FLOW RAMNGE: 45 - 95 GPM
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6" and larger wells - continued
SP 1508 (150 gpm)

H , H

[m]— [fi] y
1 #5047 (30 hp 1505
aen ] = i 1 60 Hz, 5F 1.15
n_BD— 1 11 1 | M
1 s G '|1|:': = 150 008 Annex A
e E=—=-===ic=
] 315 (20 hel ——
2a4g ] BO0 SES====== —— =
= F-14 (25 hp) -
1 - e = =
4 7 11 1T 1 1= P =
220 — T-13 (25 hp:l - - - -
{ 7o B e e
i I--12 (25 hp) = = 3
2007 850 S = == SEESSS
— =] . i
1 gon E-11 120 e) — = - S
180 ] - s = i -
E | 1 1 1 1 - P b |5
1 550 F-T0 20 hp) - = S
160 o — = SE==saas
: 500 __JI-_Q I:ZI:I.I;E'I ] = —f= - e 1I\ ‘\‘ 0 Y
] 1 - = —= e
14|:|—_ 45[|_:§|-8:'f hp) = = —— \“ S
:4nn BES = e i e
120 - =7 (15 hp) = - = < e
A i 11 1 = = s _ N
1 agp i ] e, e
1 =06 (15 hp) = = u
100 — T T T — - - -
T 300 I I I I = — = “x "'\ \\ \\\
1 o 5 0nhp — ] == = \\‘ sre]
el  Ferrr it = = ES=oe=ne
] 250 2 EEEES = ==
i ::-47_5h|:|]__ ] "-:._._‘ — BT = =
4. I e — 2T 1 o = =
60— 200 T .FFﬁi'FF- - - i s o i N
4 T Eh 1T —Fh..# T =t
L ¥ 2 |:|I 1 11 1 1 1 11 = o e
11 ! ! 1 ! | Y 1 I :"'r._ L - 3
} - -
1 | —
] =
ol o : =
] 0 40 60 ED 100 120 140 [150]160 180 200 220

Q [US GPM]







EA Engineering, Science,and Technology, Inc., PBC

Model 230S 230 GPM Performance Curves

FLOW RANGE: 160 -320 GPM

OUTLET SIZE: 3" NPT

NOMINAL DIA. 8"
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SPECIFICATIONS SUBJECT TO CHANGE WITHOUT NOTICE.

4" MOTOR STANDARD, 7.5 HP/3450 RPM

6" MOTOR STANDARD, 7.5-40 HP/3450 RPM.
B° MOTOR STANDARD. 50-75 HP/3525 RPM.
* Alternate mobor sizes available.

Performance corforms bo 150 2548 Annex B

(& B T min. submergence.
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Phase 2 Remedial Action at
Puchack Well Field Superfund Site
Pennsauken, New Jersey

Hydraulic Analysis of Proposed Injection Series

‘Well Development
(Yield Test) Flow | Design [ no e | Injection | Required
Tnjection Series Rate Flow Rate'| Ng Rate | Pump Head” | |Njwellused | Selected
D EX Well gpm gpm Wells gpm fe* for Calcs Pump Model Comment
M3 EX-M-103 90 90 6 15 101 INJ-M3-134 75875-12
M2/M3 EX-M-101 93 60 4 15 96 INJ-M3-137 75875-12
LB4/LA10/LA11 EX-LB-103 145 114 5 30 239 INJ-LB4-142 230S200-5 |Injection rates vary

LA3/LA8 EX-LA-104 90 90 5 18 131 INJ-LA3-133 75875-12

LA4 EX-LA-101 and 88 90 5 18 201 RA-44D 75875-12
EX-LA-102
LA6 EX-L-06 67 108 6 18 212 RA-LA10-102 230S200-5 |Pumping drawdown adjusted to 31 ft based on
yield test and design flow rate
LA9 EX-L-08 81 84 6 143 169 EX-L-7 75875-12  |Injection rates vary
LBl EX-LB-101 104 120 4 30 342 RA-40D 230S200-5 [Pumping drawdown adjusted to 170 ft based on
yield test and design flow rate
LB2 EX-LB-101 104 90 3 30 294 INJ-LB2-123 230S8200-5
LBS5 EX-L-10 150 150 5 30 299 INJ-LB5-152 230S8200-5
! Injection series information/data such as proposed extraction, and injection wells and associated flow rates from CDM Table S10-B
2 Required pump head based on elevations of EX & INJ wells, documented drawdown from yield testing, proposed SOW flow rates and headloss
calculated using The Hazen-Williams equation.
ft = Foot (feet)
gpm = Gallon(s) per minute
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